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1.1 Overview

NTRODUCTI

ON

This document contains a detailed explanation oftbthods used to produc@17 emissions

inventory for stationarypoint), area(nonpoint) nonroad, and mobile anthropogenic sources in the

Maryland areas designated nonattainment unde2@h®ozone National Ambient Air Quality

Standards

( NAAQS) .

The i

nventory
Plan(SIP) to meet the above NAAQS and includes anthropogenic emission estimatdatfta v
organic compound (VOC), nitgen oxide (NQ), andcarbon monoxide (CO)Theses emissions

wi |

be

are categorized as point, quasint, area, omoad mobile nonroad mobileand marine/air/rail

This technical report documents the procedures and methodologies that were used in the
development of summer daynissions ofrolatile organic compoursVVOC), nitrogen oxides
(NOx) and carbon monoxider all counties in Maryland. This report describes following:

1. Identification of stationary and mobile sources included in the inventory;

2. Sources of data, and data collection methods used in the developmenhueétttery;
3. Methods and procedures used to estimate emissions

4, Assumptions considered in tdevelopment of the emissions inventories.

ncl

The intent of this report is to describe how the inventory was prepared and what information was
considered in the inventory development.

This document is comprised of six sections, one section for each satggery type.

1.2 Maryland Ozone Nonattainment Area Geography

Effective August 32018, EPA designated the following jurisdictionshfaryland as marginal
nonattaamaBreCile 26 ozone NAAQS.

Table 1.2-1: Maryland Counties per Ozone Nonattainment Area

Baltimore, MD

Washington, DGMD-VA

Philadelphia-Wilmington -

Atlantic City, PA -NJ-MD-DE

Anne Arundel County
Baltimore County
Carroll County
Harford County
Howard County
Baltimore City

Calvert County

Charles County

Frederick County
Montgomery County
Prince Georg

Cecil County

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology
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1.3 Source Categories

Theinventory procedures outlined in this document are uniform for all counties regardless of
designation or classification unless otherwise stated. In Maryland, the ozone seasolagdins
and continues througbeptembeB0 of each year. The months of Judaly and August comprise
the peak ozone season from which a typical peak ozone season day can be selected.

The emission sources are divided into the followsngsource categories

Point Sources

QuastPoint Sources
AreaNonpointSources

Nonroad Moblie MOVES ModelSources
Nonroad Marin€eAir-Rail (M-A-R) Sources
Onroad Mobile Sources

= =4 =4 -8 48 -9

Descriptions of each emission source category are presented in the following paragraphs
1.3.1 Point Sources

EPA defines point sources as stationary commercialdustrial sources that emit 10 tons per year

or more VOC, 100 tons per year or more CO; or 50 tons per year or mereFdOthe purposes of

this inventory, point sources are defined as stationary commercial or industrial sources in Maryland
that emit 1Gons per year or more VOC, 100 tons per year or more CO; or 25 tons per year or more
NOx or sources that were previously included in PEI submittals. These emissions criteria are more
commonly referred to as fiemissions threshol ds

The NG thresholds are lower than tB8 or100 ton per year threshold prescribed for inventory
purposes in guidance provided by the EPA. The CAA defines a major source a§Ig®tons per

year for severe nonattainment areas and as 50 ton per yearifus nonattainment areas and

mandates the application of several controls regulations to sources of these sizes. Maryland has
lowered the point source inventory Ntreshold to the limits cited above to better identify and

control sources in thesategories. These thresholds are also used to separate the stationary sources
into point sources and area sources. Sources with emissions greater than the prescribed thresholds
are included in the inventory as point sources.

1.3.2 QuastPoint Sources

The Marybnd Department of the Environment Air and Radiafdministration hasdentified
several facilities that due to size and/or function are consigarelhr topoint sources. These
establishments contain a wide variety of air emission sources, includdigomal point sources,
onroad mobile sources, efbad mobile sources and area sources. For each particular
establishment, the emissions from these sources are totaled under a single point source and
summary document s-pohnnot Gdspoiit soereed hese quagpant
sources include Baltimo/@/ashington International Airport, Aberdeen Proving Grounds, Port of
Baltimore, andAndrews Air Force Base.

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |6



1.3.3 Area/Nonpoint Sources

Stationary sources emitting less thanphescribed thresholds are included in the inventory as area
sources. Individually the emissions from area sources are small, but collectively they represent a
sizable portion of the inventory. In some cases, an area source category represents tims emissio
from a specific activity associated with a small source and not the source's total emissions. For
example, gasoline distribution is broken into tank breathing and refueling emissions. Both
categories represent emissions from service stations.

1.3.4 Nonroad Mobile Sources

Other modes of transportation, such as airplanes, trains and commercial marine vessels are included
under the general category of nonroad mobile sources. Nonroad mobile sources also include
motorized vehicles and equipment, which are ndignmet operated on public roadways. These

include:

Table 1.3-1: Nonroad Source Categories

Nonroad Model Sources M-A-R Sources
Lawn and Garden Equipment Commercial Aviation
Agricultural Equipment Air Taxis
Logging Equipment General Aviation
Industrial Equipment Military Aviation
Construction Equipment Commercial Marine Vessels
Airport Service Equipment Locomotive
Recreational Land Vehicles/Equipment
RecreatiorMarine Vehicles/Equipment

1.3.5 Onroad Mobile Sources

Onroad mobile sources include the vehicles traditionally operated on public roadways. These
include:

Motorcycles

Passenger Cars

Passenger Trucks

Light Commercial Trucks
Buses' Intercity, Transit, School
Refuse Trucks

Trucksi Short Haul, Long Haul
Motor Homes

= =4 =8 -8 _48_-9_°5_--°

Maryland Marginal Ozone Nonattainment Areas
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1.4 Temporal Resolution

Another step of inventory development is the temporal allocation of emissions. The temporal
allocation is an accounting of emission variations over time sirhplest temporal allocation is for

a steadystate emissions source that continually releases emissions at the same rate throughout the
year. Under actual conditions, however, stesidye emission sources are quite rare. Emissions

sources may operate gnh the winter, not operate on Sundays, or their activity may peak during
certain hours of the day. The temporal allocation of emissions must reflect as accurately as possible
the reality of emissions occurring to the atmosphere. Ozone formation depethéspoesence of

ozone precursors as well as the amount of sunlight and other meteorological impacts. Since ozone is
typically a summertime pollutant, emissions during the summer months are more important to air
guality than are emissions during otherdsyof the year. For these reasons, ozone precursor base

year emissions are represented as typical ozone season daily emissions (0zone season tons per day)

The planning period for the 2008 ozone NAAQS emissions inventory covers the ozone season
defined asMay through September. For the purpose of submitting the base year 2011 SIP inventory
to EPA, annual emissions are estimated for VOCx NCD, PM 5-PRI, SQ, and NH. Ozone

season day emissions are estimated for the ozone precursors of VQGMIW@O.

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |8
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2.1 Introduction

The Maryland Department of the Environmémnt and Radiation Administration (ARAS} the lead

agency responsible for compiling the point source emissions inventory, including identification of
sources, documenting the method used to calculate emissions from each source, and presenting the
findings.

The Marylandstationary point source inventory is the result of efforts to characterize air emissions
sources since the early 1970's. This section describes data collection, verification and emission
estimation methods used to estimate point source emissions ftenatasources. For the 20

Periodic Emissions Inventory, point sources are defined as stationary commercial or industrial
operations that emit more than 10 tons per year of volatile organic compounds (VOC); 100 tons per
year of carbon monoxide (CO) 26 tons per year of oxides of nitrogen (NOn addition,

stationary sources included in previous PEI submissions were included herein regardless of the
amount of air pollutants emitted. These emissions criteria are more commonly referred to as

i emi stshhromsshol dso or simply, Athresholds. 0

2.2 Compiling the Point Source List

Maryland has a substantial database of both small and large air emission sources compiled over the
last eighteen years. Since the thirteen central counties of Maryland and Ba@itydrave been
nonattainment for ozone since before 1982 and 80% of the state's population and major industrial
sources lie within these counties, the database of over 10,700 sources (both above and below the
point source thresholds) is reasonably compldtiee list of point sources in this inventory was
developed by applying the appropriate thresholds to the emission levels in the database to
differentiate between point and area stationary sources. Sources with emission levels greater than
the threshold iosources previously included in PEI submittals are by definition point sources while
sources with emissions levels less than the thresholds are by definition area sources.

Several methods of source identification are usedR¥ to ensure the point sag inventory is as
complete as possible. The primary data source is the Permitting Programowdreteshe

registration requirements found in Title 26, Subtitle 11, Chapter 02, Code of Maryland Regulations
(COMAR). The Compliance Program identifiegher point sources though annual facility

inspections and through investigations conducted in response to citizen complaints.

The primary means of new source identification is the steady influx of permit applications and
equipment registrations. Many soas are required by COMAR 26.11.02, Permits, Approvals and
Registration, to register withRA. From 700 to 1,000 new sources are registered with the
Department each year. Most of these sources are not considered to be point sources as defined for
invenry purposes, even though they require permits. As an example, emissions from some
sources can be less than one ton per year. However, all sources that are registered with the
Department are tracked until the Department receives notification that tipenegtior emission

source has ceased operations. An emissions source or its equipment is not permanently deleted
from the registration database until the installation is demolished.

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |9



The Department has established a Small Business Assistance Progeguirasl by the Clean Air

Act Amendments to acquaint the owners of pote
requirements, including air quality permits. The Department has also published a guidebook,
Environmental Regulation: A Business Guide toMeeyland Department of the Environment's
Permitting Procesas part of its outreach program.

A secondary means of new source identification are the emission sources identified by Compliance
Program staff during annual field inspections of major point@Es. During these inspections,
unregistered equipment is sometimes discovered. Statewide response to the Air Pollution Report
and the Air Quality Complaint Hotline, has also led to the discovery of previously unidentified
emissions sources. Sourcesadivered in this manner may be the result of the citizen complaints,

or the result of further investigation of visual evidence such as buildings, storage yards, visible
emissions, etc., sighted elsewhere during the response.

2.2.1 Emission Calculations

The ARA technical staff uses one of the following methodologies to calculate criteria pollutant
emissions:

EPA-supplied emission factors

EPA-supplied emission models

Material balances

Emissions based on source test data

Agency orcompanygenerated emission factors

E R I

The Compliance Program facility inspectors calculate annual emissions estimates following their
annual facility inspections. The results are then entereddRtod s Regi strati on Fil
and Equipment, whichsts facilities by premise numbers and equipment by registratioers

under each facility. Both thetack and fugitivemissionsfrom all registered equipment at a

specific facility are summed to yield the annual facility emissions estimate. otdlisacility

estimate is used to determine whether the facility satisfies the criteria for classification of as a point
source.

The estimation of emissions on a facityde basis can result in emissions from equipment in some
subcategories, such as leos, being obscured. For example, boiler emissions are included in the
Amerada Hess Corporationé6és total emissions.
emissions from gasoline storage and handling operations and included in the Storage,
Transportation and Marketing of Petroleum Products and Volatile Organic Liquids source category
rather than in External Combustion Sources category.

Emissions from specific subcategories of sources can be extracted from the inventory to estimate
possiblereductions from various control strategies. However, the emissions from specific
equipment subcategories cannot be excluded from the fawitily emissions because of the
limitations of the software used to create the Registration File. Thereforetegydyees of

equipment emissions are not included in the inventory as separate line items for to do so would
result in the double counting of those emissions.
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The estimates prepared by the facility inspectors following the annual inspection of eaghdiailit
compared to the annual emissions reported by each facility in its Annual Emissions Certification. A
person who owns or operates a major facility as defined in COMAR 26.11-Dm@St submit to

the Department an emissions statement by April 1 of gaahfor the previous calendar year. The
owner or operator of the facility must further certify that the emissions statement is acctirate to
best of the owner/operatobest knowledge. After the certified emissions statements are logged in,
they are tbroughly reviewed by the assigned facility inspectors. Each inspector compares their
emissions estimate to that prepared by the respective company for consistency of methodology and
final emissions estimate results. The facility inspectors resolve aoredancies between the two
estimates with the owner/operator of the facility in question. When all discrepancies are resolved to
the satisfaction of MDE, the final emissions estimates are then submitted as an up&#é te
Registration File for Facilids and Equipment.

2.2.1.1 Seasonal Adjustments
ARA has collected extensive ddta the temporal allocation of emissions.

For CAMD sources MDE summed the ozone season pollutant emissions (in tons) and divided by
the sum of the ozone season operating timadurs) and divided by 24 hours in a day.

For Maryland sources that submit emissions to
downloaded ozone season daily data, summed the ozone season pollutant mass emissions (in tons)
and divided by @ount of the operating days.

In cases where the facilities did not provide peak ozone season emission estimates, the peak ozone
season emissions were calculated by the following method and are included in the emissions
summary tables, by county, at thed of this section:

1) Annual emissions itons per year were converted irtt;ms per day emissions by dividing
annual emissions by operating days,

2) Tons per day emissions were then multiplied by a seasonality factor,

3) The seasonality factor was based on the quarterly percentage of operations estimated by the
company adjusted for June, July, and August.

4) The ratio obtained in Step 3 was multiplied by dlady emissions calculated in Step 1 to
generate the seasonally adjusted emissions.
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30 QUASIPOI NT SOURCES

3.1 Introduction

The Maryland Department of the Environment Air and Radiation Management has identified
several facilities that due to size andiamnction are considered point sources. These establishments
contain a wide variety of air emission sources, including traditional point souressadmobile
sources, offoad mobile sources and area sources. For each particular establishment,sioagmis
from these sources are totaled under a single point source and summary documents include these
Aqup@aseint o sources as point sources.

3.2 Aberdeen Proving Grounds

Description

Aberdeen Proving Ground (APG) occupies more than 72,500 acres in Hadindy, Md. Its
northernmost point is marked by the confluence of the Susquehanna River and the Chesapeake Bay.
On the south the Gunpowder River borders it.

The installation comprises two principal areas, separated by the Bush River. The northern area is
known as the Aberdeen Area, and the southern sector, formerly Edgewood Arsenal (established in
November, 1917 as a chemical weapons research, development and testing facility), is the
Edgewood Area. The two areas were administratively combined in 1971.

Aberdeen Proving Ground is home to 66 tenants and a host of satellite activities. Among the major
tenants are the U.S. Research, Development and Engineering (RDECOM), U.S. Army Ordnance
Center and Schools, U.S. Army Developmental Test Command, U.S. Amargden Test Center,

U.S. Army Center for Health Promotion and Preventive Medicine, Northeast Region Civilian
Personnel Operations Center, U.S. Army Medical Research Institute of Chemical Defense, Program
Manager for Chemical Demilitarization and majomedmts of the Army Research Laboratory.

As a center for Army materiel testing, laboratory research and military training, the post is a key
element in the nation's defense. All tanks and wheeled vehicles which have served U.S. forces for
the past 50 yearsakie been tested for performance and durability at AR@n the M4 Sherman

tank of World War Il to the M1 tank and High Mobility Multipurpose Wheeled Vehicle and Family
of Stryker Vehicles of today.

Known as the "Home of Ordnance," APG has been traidiimgy ordnance personnel since 1918.
The Army's ordnance training was consolidated at the proving ground during World War Il, and
today the U.S. Army Ordnance Center and School provides mechanical maintenance training for
more than 20,000 U.S. and foreigerponnel each year. APG is the regimental headquarters for the
Army's Chief of Ordnance.

APG's Edgewood Area has been a center for chemical warfare research and development since it
was established. From the trenches of France and Belgium in World War | to the desert battlefields
of Iraq nearly 80 years later, the work done at APG has cotedlia the defense and safety of
American forces threatened by chemical weapons.
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More than 7,500 civilians work at Aberdeen Proving Ground, and more than 5,000 military
personnel are assigned there. In addition, there are nearly 3,000 contractors aatysinass
employees working on the proving ground.

There are 2,148 military family members living on the post and another 155 off post. The post
supports more than 16,000 military retirees and retiree family members. The post is Harford
County's largestmployer and one of the largest employers in the state of Maryland.

U.S. Army Garrison, Aberdeen Proving Ground, provides general, administrative and logistical
support to the post's tenants and satellite activities, and is responsible for the managdment
operation of the entire installation, which in many ways is like a small city.

Environmental stewardship is an essential component of all activity at APG. The installation and its
tenants are actively involved in a wide variety of environmental congaigollution prevention,
conservation, and restoration programs. In FY 2004 APG spent a total of $31 million on
environmental programs, installation programs and installation restoration activities.

Pollutants
VOC, NOx, CO, PM, Toxics

Emission
Source
Categories

MDE staff reviewed emission estimates prepared for Aberdeen Proving Grounds by a private
contractor. These emission estimates included data for the following source categories:

1 Mobile OnRoad Source Emissions

o Mobile - LDGV Emissions
Mobile - LDGT 1&2 Emissions
Mobile - LDGT 3&4 Emissions
Mobile - HDGV
Mobile - LDDT 1-4
Mobile - HDDV
Mobile - HDDV Exhaust
Mobilei HDDB
Mobile - HD CNG Trucks
Mobile - LD CNG Trucks

O O0OO0OO0OO0OO0O0O0Oo

1 Mobile Nonroad Source Emissions
0 2-Stroke Gas Eng; Lawn & Garden Equipther Equipment
4-Stroke Gas Eng; Recreational Equip; Golf Carts
4-Stroke Gas Eng; Recreational Equip; Specialty Vehicles/Carts
4-Stroke Gas Eng; Construction & Mining Equip; @fighway Trucks
4-Stroke Gas Eng; Industrial Equip; Forklifts
4-Stroke Gas End-awn & Garden Equip; Chain Saws
0 4-Stroke Gas Eng; Lawn & Garden Equip; Leaf blowers/Vacuums

0 0O O0OO0Oo
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4-Stroke Gas Eng; Lawn & Garden Equip; Rear Eng Riding Mowers
4-Stroke Gas Eng; Lawn & Garden Equip; Front Mowers

4-Stroke Gas Eng; Lawn & Garden Equip; Other ha&Garden Equip
4-Stroke Gas Eng; Commercial Equip; Generator Sets

LPG Eng; Construction & Mining Equip; Offlighway Trucks

Diesel Eng; Construction & Mining Equip; Rollers

Diesel Eng; Construction & Mining Equip; Cranes

Diesel Eng; Construction & Miningquip; Graders

Diesel Eng; Construction & Mining Equip; Gfffighway Trucks

Diesel Eng; Construction & Mining Equip; Tractors/Loaders/Backhoes
Diesel Eng; Construction & Mining Equip; Other Construction Equip
Diesel Eng; Industrial Equip; Forklifts

Diesel thg; Industrial Equip; Sweepers/Scrubbers

Diesel Eng; Lawn & Garden Equip; Front Mowers

Diesel Eng; Agricultural Equip; Agricultural Tractors

Diesel Eng; Commercial Equip; Generator Sets

Recreational marine-dtroke gasoline equipment

Recreational marine @sel compression ignition equipment

Aircraft

i Area Source Emissions

(0]

O 0000000 O0OO0OO0OO0OO

Emissions from aircraft refueling.

Construction Welding

Solventbased architectural surface coatings.
Waterbased architectural surface coatings.
Cold cleaning solvents.

SolventUtilization - Miscellaneous
Commercial/consumer solvents.

Open Burning Detonation

Landfills - All Categories

Munitions Detonation

Firefighting Training

Industrial ProcessMiscellaneous
Commercial/institutional distillate oil combustion.
Commercial/instiitional natural gas combustion.

I Point Source Emissions

o

Emission
Estimation

MDE staff also reviewed and included emission estimates from emission
certification reports prepared by Aberdeen Proving Grounds and submitted on an
annual basis to MDEG6s Ogramp [Thesermissiona n d

estimates include major sources.

Methodologies

Emission estimation methodologies varied by source category. A brief synopsis of the

methodologies is presented below.
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Mobile On-Road Source Emissions
Information on the privately owned vehicles for APG was estimated from a 2001 traffic study
conducted for all gates at both Aberdeen and Edgewood.

Emissions for the onoad vehicles were calculated only for the estimated miles and hours of
onbase vehicl®peration. Miles traveled off the base were not included in the emission
calculationsAP-42, Volume 11, Fifth Editiomcludes the emission factors for NOx, CO, and
VOC, which were calculated using EPA's MBS2010bmodel for gasoline and diesel
operatedrehicles. AP42 has been updated with NOx, CO, and VOC emission factors from
the latest version of EPAMOVES2010bmodel which also includes emission factors for
PM-10, PM25, S02, and HAPS. Therefore, the emission factors fooad vehicles were
obtaned by running th/OVES2010bmodel.

APG governmenbwned vehicles were grouped into vehicle categories according to vehicle
type, gross vehicle weight (GVW), and fuel type. The CY12@ileage for each vehicle,

came from a 2014 traffic stugyyovided bythe APG Departmenodf Publicor was arestimate

of on-base mileage or a percentage of the total miles per vehicle that were driven on the base.
If the mileage data was not available, it was estimated based on mileage for similar types of
vehicles from othr organizations or from estimates provided by organization personnel.

Emission estimates for privately owned vehicles (POVs) are based on traffic studies for CY
2000 and CY 2001. Each traffic study tracked incoming vehicles at all gates at both Aberdeen
and Edgewood over a threeeek period. The average number of vehicles counted at each

gate over both years was used to estimate the number of POVs entering each day. The
average values were 7,680 POVs per day at Aberdeen and 5,277 per day at Edgewood.

POV miles traveled were determined by using the distance from each gate to a central

location at both Aberdeen and Edgewood. Each POV that entered a specific gate was assumed
to drive that distance each day. The dailybase mileage was determined by mlyiimg the

number of POVs by the rourtdp distance to a specific gate. The POV vehicles from the

traffic study were conservatively estimated to be in the abefezenced vehicle categories.

Emissions of NOx, CO, VOC, PO, PM2.5, and SO2 from dailyneployee POVs were

estimated by multiplying the annual-base mileage of each vehicle category with the

emission factors obtained from tNEOVES2010b Since the model years of POVs traveling

on the base would vary greatly, it is impractical to estimaterhissions from each vehicle in

that model year range. Instead the year 2000 was considered the average vehicle model year,
and the emission factors for the 2000 model year vehicles were used. The emission factors
were used in the following equation toipsite annual emissions:

E=V*F*C

Where:

E = Annual emissions of particular pollutant from each vehicle category (lb/yr)
V =Vehicle miles traveled chase per year for each vehicle category (mi/yr)

F = Average model year emission factor in #pplicable vehicle category (g/mi)
C = Conversion factor (2.20% 10 Ib/g)

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |15



The information on the vehicles tested and miles driven on unpaved test tracks at APG was
obtained from 201 logs for each track. The test vehicles were divided equally into the
HDDV and HDGYV vehicle classes.

Mobile Nonroad Mobile Source Emissions

APG gathered information about the number of vehicles, model year, horsepower rating, fuel
type, engine cycle tyg and estimated operating hours for CY.20n the majority of

instances, horsepower ratings and operating hours were not readily available and have been
assumed based on the tyglihorsepower of similaquipmentypes

Criteria pollutant emission €&ors were obtained fromir Emissions Inventory Guidance
Document for Mobile Sources at Air Force Installations, United States Air Force Institute for
Environment, Safet§ Occupational Health Risk Analysis (IERA), January 20@#ch

includes the emissiofactors used in EPA's NGROAD 2002 model. Emission factors to
estimate PM2.5 from PM10 emissions were obtained from EPA's NEWAD 2002a

model. The Nosroad model incorporates research results ftb& EPA 's Nomoad Engine

and Vehicle Emission Sty (NEVES), Novembé&g91, as well as from the California Air
Resources Board's efbad model, test results, and regulatory emission standards. These
factors were used to estimate the emissions frorroad vehicles and equipment.

Emission factors fortationary internal combustion engines were used to estimate criteria
pollutant emissions for the nanobile equipment. These factors are foundable3.3-1,

AP-42 SectiorB.3,Gasoline and Diesel Industrial Engindsmissions were calculated by
multiplying the power output by the emission factors applicable to the type of fuel used by the
nortmobile equipment, either gasoline or diesel. The power output was calculated by
multiplying the power of the equipment in horsepower times the estimated hoursaifaype

Net workdays were derived from the equipment rental records. It was assumed that the light
towers were used 8 hours per day and that all other equipment was used 10 hours per day.

The total emissions for all nenmad vehicles and equipment weeparated into emissions for
Aberdeen and Edgewood. In cases were vehicles were used at both Aberdeen and Edgewood
the total emissions were divided equally.

Aircraft operations are conducted at Phillips Airfield at Aberdeen and Weide Heliport at
EdgewoodThese operations include landings and takeoffs (LTOs), touch and go's (T&GS),
low approaches (LAs), and trim and power checks (T&Ps). Emissions from aircraft
operations were estimated using EI@MS (versiorb.1) model.

Emissions of criteria pollutantsif watercraft were calculated using factors provide&iRn

42, Volume 11nboard emissions were calculated based on fuel consumption or operating
time. Outboard emissions were calculated using factors related to fuel consumption. Fuel
consumption was raigeknown, so a generic fuel usage of 3 gallons per hour was used to
calculate consumption from operating time.
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The inventory of watercraft includes APG vessels, privately owned boats, and rental boats.
The inventory included the size of vesselbether the boat has an inboard or outboard motor,
whether the boat uses gasoline or diesekitsmfuel usage, and esite estimated usage.

Many assumptions were necessary to calculate emissions from the limited information known
about many of the wateraft. The number of memberships to the private boat clubs located at
APG and number of permits to launch boats at APG was known, but no information as to the
size and type of boats was, nor the time or distance they traveled within the boundaries of
APG. All privately owned boats launched in the Aberdeen Area were considered outside of
the APG boundary once in the water, so no emissions were counted from these boats. For
privately owned watercraft it was assumed that 80% have outboard motors and 20% have
inboard and that all are gasoline fueled. An assumption was made that privately owned
watercraft were used 5 times per year and spent 2 hours on site each usage for a total of 10
hours each. For rental outboards it was assumed that they were used Jisigrper rental
weekend and that there were 40 rentals in 2002.

Area Source Emissions

Emissions from the various area source categories were estimated using a variety of methods,
including population based, fuel consumption, and mass balance. Enfiggtas were

derived from the EPA document titled 'Emission Inventory Improvement Program’, and AP

42. Landfill losses as VOC were calculated for Michaelsville landfill usargdfill Gas

Emissions Model (LandGEM) version 3&&ailable through the EPAandGEM is based on

a firstorder decomposition rate equation for quantifying emissions from the decomposition of
waste in municipal solid waste landfills.

Activity

An activity level of 7 days a week with no seasonal adjustment factor was used.

Emission Factors

Emission factors were derived from the Emission Inventory Improvement Program (EIIP);
AP-42 Volume 11, Fifth Edition; EPA'BIMIM model; EPA'SMOVES2010bmodel; and the
Landfill Gas Emissions Model (LandGEM).

Point Source
Adjustments

Collecting all emissions estimates under one facility effectively creates a single point source for all
of the emissions. No other point sources were subtracted from thgoarea inventory to avoid
double counting.

Adjustment for
Controls

Controls were applied when applicable to a particular source category.
Spatial and

Temporal
Allocations
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Spatial
Spatial allocation of the emission estimates to specific areas within Alssavailable.

Temporal
Since this activity is year round annual emissions were divided by 365 to estimate daily

emissions.
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3.3 Baltimore-Washington International Airport (BWI)

Description

BaltimoreWashington International Airport (BWI) is located in Anne Arundel County,

Maryland approximately 9 miles south of the City of Baltimore and approximately 30 miles
northeast of Washington, D.C. BWI Airport is generally bounded on the north, east, and west by
Aviation Boulevard (MD Route 170 and MD Route 162) and on the south by DRosel/(MD

Route 176). Interstate 195195) is a fowlane divided highway that serves as the primary

access point to the airport terminal area. EIm Road and Aviation Boulevard provide secondary
access to the terminal and cargo facilities.

BWI is opeated by the Maryland Aviation Administration, Maryland Department of
Transportation. BWI Airport encompasses 3,596 acres of land. The passenger terminal contains
1.4 million square feet; 4 concourses (3 domestic, 1 international/swing); 69 jet gat&2 with

gates dedicated to commuter aircraft.

The emission sources at BWI include aircraft, aircraft ground support service equipment, motor
vehicles (on roadways, in parking facilities, and at terminal curbsides), the heating plant, fuel
storage and handlin@nd training fires.

Pollutants
VOC, NOx, CO, PM, Toxics

Emission
Source
Categories

MDE staff reviewed emission estimates prepared for BWI Airport by a private contractor. These
emission estimates included data for the following source categories:

1 Mobile Onroad Source Emissions

0 Mobile-LDGV Emissions
Mobile - Parking Facility Emissions
Mobile - LDGT 1&2 Emissions
Mobile - LDDT 1-4
Mobile i HDDV

© O 0O

1 Mobile Nonroad Source Emissions
o Emissions from airport service diesel compression ignition equipment
Emissions from military aircraft LTOs
Emissions from commercial aircraft LTOs
Emissions from general aviation aircraft LTOs
Emissions from aircraft auxiliary power units

o OO0 O
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1 Mobile Nonroad Source Construction Equipment Emissions

2-Stroke Gas EngConstruction & Mining Equip; Paving Equip

4-Stroke Gas Eng; Construction & Mining Equip; Plate Compactors
4-Stroke Gas Eng; Construction & Mining Equip; Concrete/Industrial Saws

(0]

OO0 0000000000000 O0O0O0OO0OOo

Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;
Diesel Eng;

Diesel Eng;

Construction & Mining Equip;

Pavers

Construan & Mining Equip; Rollers

Construction & Mining Equip;
Construction & Mining Equip;
Construction & Mining Equip;
Construction & Mining Equip;
Construction & Mining Equip;
Construction & Mining Equip;
Construction & Mining Equip;
Construction & Mining Equip;

Scrapers

Signal Boards/Light Plants
Trenchers

Excavators

Cranes

Graders

Gfighway Trucks

Rubber Tire Loaders

Construction & Ming Equip; Tractors/Loaders/Backhoes

Construction & Mining Equip;
Industrial Equip; Aerial Lifts
Industrial Equip; Forklifts

Crawler Tractor/Dozers

Industrial Equip; Sweepers/Scrubbers
Diesel Eng;Commercial Equip; Generator Sets
Diesel Eng; Commercial Equip; Air Compressors

Commercial Equip; Welders

1 Mobile Onroad Source Emissions
o Firefighting Training

1 Point Source Emissions
o MDE staff also reviewed and included emissestimates from emission

certification reports prepared by BWI

Compliance and Enforcement Program. These emission estimates include major

Emission
Estimation

sources.

Methodologies

Emission estimation methodol@gi varied by source category. A brief synopsis of the
methodologies is presented below.

Emissions and Dispersion Modeling System (EDMS) VersioB. 1

1 Aircraft
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FAAG6s EDMS computer program contains a dat
based orengine make and model and four engine operation modes (taxi/idle, takeoff,

climb out, and approach). EDMS also contains a database of emission factors for an
aircraftodés auxil i ar-nw-mgdedat is alao nsed as an(inpuPilic ) .

the emssion inventory. EDMS time-mode data include the time that aircraft spend in

each of the four operating modes.

1 Ground Support Equipment

FAAGs EDMS computer program contains a dat a
(GSE) used to service specific types of aircraft. Also included in the database are the

emission factors for each piece of GSE, as well as the time that each piece of equipmen

spends servicing the aircraft.

1 Roadways

FAAG6s EDMS comput erMOVESQGObaotel to ssenste &dad 6 s
mobile vehicle emissions.

1 Parking Facilities

FAAGs EDMS comput er NESQ(HObaouelto ssentmte &@dddA 6 s MO
mobile velicle emissions from parking facilities.

9 Training Fires

FAA6s EDMS computer program contains a dat a
types (JP4, JR5, JR8, Tekflame and Propane). Training fire emissions are estimated by
choosing the fuel type and specifying the amount of fuel consumed in the traiancgsex

Nonroad Mobile Source Emissions

1 Construction Equipment

Emissions from construction activities were estimated based on the construction activity
schedule, including the number and types of construction vehicles and equipment units and
theirutiih zati on r ates. Emi ssi on r a2008aprogramr e t aker
AP-42 guidanceand MOVES2010b Emissions from several components of construction
activities were calculated, specifically: onsite construction equipment (backhoes, bull dozers,
graders, etc.), haul vehicles idling onsite (cement trucks, dump trucks, etc.), and haul vehicles
and construction worker vehicles accessing the site. An indw&lg, representative mix of

the number and types of construction equipment, average power (fatiise power), and
equipment load factors was used in the analysis. Construelmted motor vehicles (dump
trucks, pickup trucks, etc.) were assumed to travel a round trpiterdistance of 5 miles

while on the Airport construction site.
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Activity

An activity level of 7 days a week with no seasonal adjustment factor was used.

Emission Factors

Emi ssion factors were derived fr &6 FAAOGs ETL
Vehicular emission factors contained in EDMS are obtained from the EPA's
MOVES2010bmodel. Const ructi on emi ssion factors wer
NONROAD2008aModel.

Point Source
Adjustments

Collecting all emissions estimates under one facility effettiereates a single point source for
all of the emissions. No other point sources were subtracted from the area source inventory to
avoid double counting.

Adjustment for
Controls

Controls were applied when applicable to a particular source category.

Spatial and
Temporal
Allocations

Spatial
Spatial allocation of the emission estimates to specific areas within Baltimore Washington
International Airport is not available.

Temporal
Since this activity is year round annual emissions were divided by 365 to estimate daily
emissions.
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3.4 Port of Baltimore

Description

The Maryland Port Administration (MPA) works hand and hand with the Port of Baltimore to
help the marine terminah there day to day operations. Maryland has seven main terminals and
several tenant port terminals. The main terminals are:

Dundalk Marine Terminal
Seagirt Marine Terminal

South Locust Point

North Locust Point

Masonville Marine Terminal
Fairfield Marine Terminal
Hawkins Point Marine Terminal

The following summary descriptions come from the MPA.

Dundalk Marine Terminal:

With 13 berths, nine container cranes, and direct rail access, trecfe/ (230 ha) Dundalk
Marine Terminal remainthe largest and most versatile general cargo facility at the Port of
Baltimore.

Dundalk handles containerjtomobiks, irmequipmentconstruction and other Radh/Roll
off (Ro/Ro) equipmenwood pulp, steebreakbulk, project cargpand other vaadus types of
equipment

Ports America operates a private container terminal within Dundalk. Baltimore's proximity to the
Midwest's major farm and construction equipment manufacturers has helped the Port become the
leading U.S. port for combines, tractarsdhay balersand in importing excavators and

backhoes.

Reaffirming our position as the top U.S. Ro/Ro port, Baltimore recently signegtea? (0150
acre agreement to serve as the East Coast hub for the largest Ro/Ro carrier in the world,
Wallenius Wihelmsen, with service from Dundalk Marine Terminal.

Seagirt Marine Terminal:

Opened in 1990, Seagirt features the latest in ehagaling equipment and systems. Seagirt is
operated by Ports America Chesapeake undery@&0Opublieprivate partnersipisigned in 2010
with the MPA. Under the agreement, Ports America is constructing a névot€ontainer berth

to be accompanied by four statkthe-art super Post Panamax cranes. At that point, the Port of
Baltimore will be only the second East Coastt path both a 56foot channel and a 5@ot

berth, allowing it to accommodate some of the largest container ships in the world.
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South Locust Point:

South Locust Point has Interstatei9%hich is direct access to the East Coast bypassing its
entrance.n 1988, the MPA completed a major expansion of South Locust Point, doubling the
size of the terminal to almost 80 acres. In 2005, MPA created a 3€0@0faper shed and a
100,006foot shed.

In 2006, the MPA proudly opened its new, dedicated 66{660Cruise Ship terminal at the

South Locust Point terminal. The structure used for the passenger terminal was formerly a paper
shed building situated on 14 acres of land with easy access from either sgife dfliere were

81 total cruises in 2009 and 9#4l calls for 2010.

North Locust Point:

North Locust Pointvasusel in the pas$o welcome immigrants, served as a cargo pier for the
Baltimore & Ohio Railroad, and handled many different typdsreékbulk, as well as liquid
anddry bulkcargoes.

Today, the 9@acre (36.1 ha) terminal has been redeveloped to enhance the Port's forest products
capabilities. The addition of a 46ng-ton (45.7 mt) container crane, coupled withdwtk rail
access, allows for the smooth loading and discharge of steellgibetween vessel and rail car.

Masonville Marine Terminal:

Located near Marylandés 1895 Masonville Ter mi
processing of automobiles. It covers 61 acres, with a trucks loading inside the terminal. It also

has two piersRier 41 832 ft (253.6 m); Depth: 49 ft. (14.9 m), and CSX spur adjacent. Entire

terminal leased to ATC Logistics

Fairfield Marine Terminal:

Located al so near Marylandbés 1895 Fairfield M
and processing of automobiles. It is over 104 acres load truck inside and outside fenced

terminal. Fairfield has two pierBjer 4- 832 ft. (253.6 m) / Depth49 ft. (14.9 m), and an and

CSX spur adjacent. Entire terminal leased to Dan@Glarysler (MecedesBenz).

Hawkins Point Marine Terminal:

TheMaryland Port Administratiors trying to acquire 171 acres of land, Hawkins Point, which

is the old Sparrows Point. The site contains a manufacturing operation that has been in existence
since 1954. The Port Administration is looking for land in this area to use for a dredgedlmateri
containment facility.

Pollutants
VOC, NOx, CO, PM, SO2, Toxics
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Emission
Source
Categories

Mobile Nonroad Source Emissions:

1. Included in the Cargo Handling Equipment (CHE) category are:

Ship to shore (STS) and other mobile cranes

Rubbettired ganry (RTG) cranes

Forklifts

Top loaders

Side loaders

Yard tractors

Rubbertired loaders

Skid steer loaders

Roll-on, rolloff (RoR0) equipment (e.g., sgfopelled construction equipment,
motorized farm equipment, and trailered items; e.g., watercraft)

Vehicle cargo (automobiles, SUVs, and trucks that are driven off and onto ships)
Auto processing (i.e., paint booths used for minor repairs)

Maintenance, construction vehicles, and similar equipment

Conveyor systems for dry bulk material

Yard vehiclequnlicensed trucks and/or autos used for transportation purposes on port
property only)

Generators

Employee traffic on site (includes cruise passenger vehicle traffic on site)

= =4 4 -8 _-8_8_9_°5_2

= =4 =4 -8 -4

= =

Emissions
Calculation

Nonroad emissions were calculated using emission faatat$oad factors for neroad
equipment developed by EPA and are available by their SCC code through the NONROAD
model).

2. Heavy Duty Diesel Vehicles (HDDVs): are thermad senttrailer trucks that pick up and
deliver cargo to the terminals.

3. Rail lbcomotive: Switching engine operations

4. Marine Vessels Port: Port vessel emissions are calculated for each port as described in section
5.6 Marine Vessels. The ports within the Baltimore Nonattainment Area (BNAA) are used in

this section and represeamiquasipoint as a whole. Hoteling, maneuvering, cruise, and slow

cruise emissions are estimated for allfo@me@an going activity and movement within the

waterways surrounding the BNAA ports.
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Mobile Onroad Source Emissions:
1. LDGV and LDDV - Vehicle cargo (Autos, SUVs, and Trucks) SCC: 2201001250 and
2230001250
2. LDGV and LDDV - Employees SCC: 2230001250 and 2201001250
3. LDGV, HDGV, LDDT, and LDGT- Yard vehicles SCC: 2270003070, 2201070250,
2230060250, 2201020250, and 2201001250.

Emissions
Calculation

Mobil e emi ssions were calcul ated use EPAG6s MO

Spatial and
Temporal
Allocations

Spatial
Divided cruise emissions out to counties along travel route.

Temporal
Since this activity is year round annual emissions were dingie265 to estimate daily
emissions.

Emissions
Calculation

Onr oad emissions were estimated for vehicles
MOBILE6 Model were used to calculate emissions. Emission factors fayvazhvehicles are
representech units of grams per mile (g/mi), while idling emission factors are expressed in

grams per hour (g/hr). Distance or vehicle miles traveled (VMT) was used to calculate emissions
for moving vehicles, and time, hours running, was used to estimate idlingj@msis
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3.5 Andrews Air Force Base

Description

Andrews Air Force Base (ICAO code KADW) is a United States Air Force base near
Washington, DC and the home base of the U.S. presidential aircraft, Air Force One.

The base is located a few miles southeast of Washington, in Prince George's County, Maryland
near the town of Morningside. According to the United States Census Bureau, the town has a
total land areaf 6.8mi2 and none of it is covered by water. Theretam@ runways on the base;

the western runway is 3,440 meters in length, and the eastern runway is 3,570 meters in length.

The host unit for Andrews AFB is the 89th Airlift Wing which falls under Air Mobility

Command. The primary mission at Andrews AFBoisransport the President of the United

States. The base is also tasked, under what is known as "SAM FOX", to provide worldwide
airlift for the vice president, the president's Cabinet, members of Congress, military leaders and
other high ranking dignitags. At one time, "SAM FOX", was used as a prefix to an aircraft tail
number, during radio transmissions to identify Air Force aircraft that were transporting high
ranking VIPs, typically on foreign flights. The call sign prefix was constructed from theyauar

SAM (Special Air Mission) and the initial F (Foreign), which at the time was represented by the
phonetic word "Fox."

Andrews is also the home of the 89th Communication Group, a unit that provides
communications to military installations all over therld. The technical control facility is one

of the largest in the world, and hosts a myriad of sophisticated telecommunications equipment.
One of the squadrons within the 89th Communications Group is the 789th Communications
Squadron, whose CNCS remotelyerates 15 HF Global radio stations from around the Globe.
Other major tenants include the District of Columbia Air National GuardADG), Naval Air
Facility (NAF), and the Maryland State Police.

Pollutants
VOC, NOx, CO, PM, Toxics

Emission
Source
Categories

MDE staff reviewed emission estimates prepared for Andrews Air Force Base by a private
contractor. These emission estimates included data for the following source categories:

i Mobile OnRoad Source Emissions
o Mobile- LDGV
o Mobile- LDGT12
o Mobile - LDGT34
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Mobile - HDDBS
Mobile - Heavy Duty Trucks
Mobile - Light Duty Vehicles

0 Mobile- HDGV / Buses
o Mobile- MC

o Mobile- LDDV

o Mobile- LDDT

o Mobile- HDDBT

o Mobile- HDDV

0

0

0

1 Mobile Nonroad Source Emissions

o Nonroad Mobile- Recreational
Nonroad Mobile- Construction
Nonroad Mobile- Industrial
Nonroad Mobile- Lawn and Garden
Nonroad Mobilg Agricultural
GasFired Nonroad vehicled-stroke gasoline engine
GasFired Nonrroad vehicle2-stroke gasoline engine
Aircraft - All Aircraft Types and Operations
Emissions from military aviation aircraft landing and takeoff.
Emissions from commercial aviation aircraft landing and takeoff.
Diesel Generators
Off-highway Vehicle Gasoline,-3troke Total without APUs
Off-highway Vehicle Gsoline, 4Stroke Total without APUs
Off-highway Vehicle Gasoline,-8troke APU emissions
Off-highway Vehicle Diesel APU emissions
Nonroad Mobile Aircraft Ground EquipmenAll Gasoline Engines
Nonroad Mobile Aircraft Ground Equipmenall JP-8 Engines

O 0000000000000 O0OO0

1 Point Source Emissions
o MDE staff also reviewed and included emission estimates from emission
certification reports prepared by Andrews Air Force Base and submitted on an
annual basis to MDE&6ds Compliance and En
estimates incde major sources.

Emission
Estimation
Methodologies

Emission estimation methodologies varied by source category. A brief synopsis of the
methodologies is presented below.
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Mobile On-Road Source Emissions

The Andrews AFB ofroad vehicle inventory consists of a mix of ligahd heavyduty
gasoline, diesl-, and natural gapowered governmentand privately owned vehicles
(POVs). POVs include vehicles owned by both daily employees and weekend personnel.
The inventory contains the vehicle type, model year, number of vehicles, and arnual on
base mileagelo distinguish leased General Services Administration (GSA) goverament
owned vehicles (GOVs) from the regular fleet, vehicle tag numbers are provided in cases
where they are known.

On the basis of inventory data provided by vehicle maintenance persgoveinment

owned vehicles (GOVs) were grouped into eight vehicle categories according to vehicle
type, gross vehicle weight (GVW), and fuel type. The 2002 mileage for each vehicle was
provided by vehicle maintenance personnel, as were estimatesatemileage or a
percentage of the total miles per vehicle that were driven on the base.

Emissions were calculated only for the estimated miles and hourshafsenvehicle and

equipment operation. Miles traveled off the base were not included in theamissi

calculations. The Fifth Edition of AB2, Volume Il includes the emission factors for NOX,

CO, and VOC, which were calculated using EP
diesel operated vehicles. AR has not been updated with NOx, CO, and VOC emission
factors from the | atest version of EPAG&s MC
which also includes emission factors for A, PM2.5, S@, and HAPs. Therefore, the

emission factors for eroad vehicles were obtained by running the MOBILE 6.2.03

model. The MOBILE model does not address compressed natural gas vehicles, so emission
factors for these vehicles have been obtained from 40CFR869P7@A®CFR88.1094,

and 40CFR88.104.94.

Emission estimates for privately owned vehicles (POVs) are lwasgdffic studies

supplied by base personnel (8&W Civil Engineering, July 2004). Andrews AFB has
approximately 61, 738 vehicles traveling on base each workday. This number assumes a
working schedule of employees of 40 hours per week. In additionp2H3é daily

personnel are assumed to be on the base on the weekends.

The emission factors were used in the following equation to estimate annual emissions:
E=V*F*C

Where:

E = Annual emissions of particular pollutant from each velgealegory (Ib/yr)

V =Vehicle miles traveled ehase per year for each vehicle category (mi/yr)

F = Average model year emission factor in the applicable vehicle category (g/mi)
C = Conversion factor (2.20% 10 Ib/g)
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Mobile Nonroad Mobile Source Emissions

The Andrews AFB nomoad vehicle inventory consists of various equipment including
forklifts, loaders, riding lawn care equipment, and towing equipment. The inventory
contains the equipment name, model year, horsepower ratidgyumbeof vehicles, fuel

type, engine cycle type, and operating hours for CY 2002. The inventory specifies whether
the operating hours are a total operating time for CY 2002 for the number of units listed or
an operating time for each unit.

Criteria pollutant ad HAP emission factors were obtained frAmEmissions Inventory

Guidance Document for Mobile Sources at Air Force Installations, United States Air

Force Institute for Environment, Safety & Occupational Health Risk Analysis (IERA),

January 2002vhichinc | udes t he emi ssion factors wused i
model. Emission factors to estimate P\b from PM10 emissions were obtained from

EPAG6s NONROAD 2002a model

The Andrews AFB aircraft operations inventory consists of information related to landing

and takeoffs (LTOs), touch and gods (T&Gs),
checks (T&PCs). Calendar year 2002 was used for the calculations of the baseline

emissions inventory because 2002 is the baseline year selected by the MDE for use in the
revision of its SIP. The inventory contains the aircraft type and manufacturer, engine

model and manufacturer, the number of LTOs, T&Gs, LAs, and T&PCs. The calendar year
2002 inventory was generated using information compiled from the Aerial Port Saquadro

the Andrews AFB Federal Aviation Administration (FARRison, and Allan Holtzman,

Andrews AFB Air Quality Program Manager. This inventory will also be submitted to

MDE for incorporation into EDMS (version 4.4).

Activity

An activity level of 7days a week with no seasonal adjustment factor was used.

Emission Factors
Emission factors were derived from the EDMS Airport Emission Model, Version 4.4;
EPA's NONROAD 2002 model; and EPA's MOBILE 6.02.03 model.

Point Source
Adjustments

Collecting allemissions estimates under one facility effectively creates a single point source for
all of the emissions. No other point sources were subtracted from the area source inventory to
avoid double counting.
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Adjustment for
Controls

Controls were applied wheapplicable to a particular source category.

Spatial and
Temporal
Allocations

Spatial
Spatial allocation of the emission estimates to specific areas within Andrews Air Force
Base is not available.

Temporal
Since this activity is year round annual emissions were divided by 365 to estimate daily
emissions.
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40 AREAS SOURCES

4.1 EMISSION ESTIMATION METHOD BY CATEGORY
4.1.1 Petroleum Distribution Losses

Evaporative emissions occur at all points in the gasoline distribution process. These operations,
generally inventoried as area sources, are gasoline dispensing outlets and gasoline tank trucks in
transit. Bulk terminals and gasoline bulk plants, which mtermediate distribution points
between refineries and outlets, have been inventoried as point sources. Most gasoline dispensing
outlets emit less than 10 tons of VOC per year and therefore have been inventoried using area
source methods.

VOC emissbns from gasoline dispensing outlets result from vapor losses during tank truck
unloading into underground storage tanks, vehicle fueling (boat fueling at marinas), and
underground storage tank breathing. Evaporative losses from each activity in thescsteigory

have been tabulated separately so that various emission reduction control measures could be easily
evaluated.

Emissions from vehicle fueling, including spillage during fueling, were calculated with the
MOVES model and the methodology is désed in Section 5.0 Mobile Sources. Tank truck
unloading, underground tank breathing, tank trucks in transit and aircraft refueling were calculated
using emissions factors froAP-42 and EIIP.
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4.1.1.1 Tank Truck Unloading
SCC: 2501 060 053
25 01 060 051

Degription:

Emissions from tank truck unloading are affected by whether the service station tank is equipped
for submerged, splash or balance filling. Therefore calculations were based on the filling method
used and gallons sold.

Pollutants
VOC and HAPs
Method and

Data Sources:

The method used to calculate emissions (all VOC), is presentedPth Chapter 11, Gasoline
Marketing, which extracts the emission factors frAR42, Volume |, Table 5.27.

Activity

The Maryland Comptroller of the Treasury, Gasoline Tax Division (see Appendices)
provided annual gallons of gasoline and diesel fuel sold. This data includes taxable-and non
taxed gasoline purchased by the U.S. Government. State and local governmesntesales
included in the taxable sales data. The statewide total of gallons of fuel sold was allocated

to the county level proportional to the number of registered vehicles within the county.
Vehicle registration data was collected from the Maryland Depattofefiransportation,

Mot or Vehicle Administration that supplied
Program (see Appendices). Diesel fuel powered vehicle totals were subtracted from the
Maryland and county registration numbers.

Percentages of subnged, balanced submerged and spldstanks were determined with

the assistance of MDE Waste Management. MDE staff reported no splash filling at
Maryland service stations in 2011. All underground storage tanks within the nonattainment
areas of the Statd Maryland are required to use vagmalance submerged filling methods.
Waste Management's underground tank inspection program and regulations concerning
underground storage tanks have eliminated sgiiganks in the state. A recent SSCD
study detemined that the rule effectiveness factor for vapor balance controls was 91%.

An activity level of 7 days per week was used, based on observations by MDE staff of
unloading at Maryland retail gas stations. A rule effectiveness of 91% was determined
from a study of Stage | compliance performed in Regions Il and IV by the NBRAE/
enforcement program in 1991. In the attainment counties outside of Regions Ill and IV, a
default rule effectiveness of 80 % was used. This survey data was used to determine the

! Emission Inventory Improvement Program
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penetration of each filling technology. The total fuel sales in the county were multiplied
by the fraction using each filling technology. The-APtechnologyspecific emission

factors were then used to estimate emissions from submerged filling andedalanc
submerged filling. The emissions from each filling technology were summed to estimate
total emissions.

Filling Method Non-Attainment Transport Attainment Area
Area Region

Submerged 9% 9% 20%

Balanced Submerge 91% 91% 80%

Splash 0% 0% 0%

Emission Factors

Emission factors are affected by true vapor pressure and temperature. Emissions from
loading petroleum liquid can be estimated (with a probable error of +30 persiegtthe
following expressiofi

* *
L o=1246+> P M
Where
L. = loading loss, pounds per 1000 gallons (Ib4d) of liquid loaded
(The loading loss is equivalent to an emission factor)

S = asaturation factor (see Table-&p

P = true vapor pressure of liquid loaded, pounds per square inch absolute (psia)
(see Figure 7.15, Figure 7.16, and Table 7-R)

M = molecular weight of vapors, pounds per poamole (Ib/lbmole)
(see Table 7:2)

T = temperature of bulk liquid loaded, °R (°F + 460)

Table 5.21 from AR42 shows that the saturation factor (3 isonstant for a specific
petroleum liquid, carrier and type of loading service

The true vapor pressure (P) can be estimated from the Reid vapor pressure using the
following equation:

g 4 4130 o5 8 o, A 1042 oo, & 2416 § 4 8742 5. . 0
P=exp {0.7553 05 *log, (RVP)- g.854- 05 1. 3 - 2018Jog,(RVP)- +156
P75 & sae %(RVF)- & S ras06 T +4596% ﬁ 9(RVF) T rase60 Y

Themolecular weight varies slightly with temperature and pressure, however for this
analysis it is assumed to be constant.

Proportioning the loading factors yields

2 AP42, Chapter 5.2: Transportation and Marketing of Petroleum Liquids
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1246% S2* P2* M 2 . .
LL2 %y P21 Lo g+ P2 TL

LL1 1246* SI* P1* M%l T PI*T2 P1*T2

The loading factor or emission factordsectly proportional to true vapor pressure and
inversely proportional to temperature in degrees Rankin.

LL1 =0.3 at RVP 610 and 60 F; this yields LL1 =0.8,=5.186; T=520 R
To calculate L2 at RVP of 6.7 and 81.8 F =5.094; T =541.8 R

, 0.094*520 _

P2*T1_
1*T2  5.186*5418

LL2=1LL1* b 0.282¢

Initial emission factors of 0.3 Naoc per 1000 gallons throughput for balanced submerged
filling and 7.3 lbvoc per 1000 gallons throughput for submerged filling were used in all
Maryland counties. These factors were then adjustedoaithty-specific monthly

average temperature and true vapor pressure values using the above technique.

Base Emission Factor

Filling Method Lb. voc per 1,000 gallon
Balanced Submerged 0.3
Submerged 7.3

Diesel Fuel Unloading 0.014

Point Source
Adjustments

Emissions from Andrews Aiforce Base were subtracted from Prince Georges County emission
totals.

Adjustment
for Controls

Controls for this source category are reflected in the emission factors.

Spatial and
Temporal
Allocations
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Spatial

Spatial allocation source data was base on vehicle registration data that was provided

through the Maryland Department of Transportation, Motor Vehicle Administration and
source data supplied to MDE?®& é&ppdnhdides).IDeeseSBour ce

fuel powered vehicle totals were subtracted from the Maryland and county registration
numbers.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a

daily estimate.

Emissions
Calculation

The equation for estimating emissions from tank truck unloading is:

(Gi x Fi@m X EFm) + (G X Figm X EFm) \\0 e

B = 2000
Ef = Emissions of VOC in tons per day from tank truck unloading per county i
Gi = Gallons of gasoline sold in county i durigg11

Fi ¢m)= Fraction of gasoline dispensed per county i per filling method (balanced
submerged or submerged) duri2@l1
EFm = Emission factor per filling method for tank truck unloading adjusted by RVP and

temperature:
(0.3 Ib. VOC/1000 gallon throughput or 18 VOC/1000 gallon throughput)
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Tank Truck Unloading Sample Calculation (Carroll County)

To calculate fuel usage for Carroll County:

Carroll County

Filling Method Adjusted Emission Factor
Lb. voc per 1,000 gallon

Balanced Submerged 0.2486

Submerged 6.0503

Diesel Fuel Unloading 0.014

Total fuel sold in Maryland in 2081= 2,446,714,344allons
Allocate gallons of fuel sold to the county level by the 2011 county vehicle registration proportion:

Carroll County vehicle registratién 160,603

Total MD vehicle registration ~ 4,512,010 0.0356

G =2,446,714,344 0.0356 =87,089,715 gallons sold in Carroll County

EM = (G * Market % * EF adjusted / 1000) / 2000
EMbs = balanced submerged emissions
EMs = submerged emissions

EMbs = 67,089,715 * 91% * 0.2486 / 1000) / 2000 = 9.85 tows: per year
EMs = 67,089,715 * 9% * 6.0503 / 1000) / 2000 = 23.71 tons: per year

3 Annual sales of gasoline from Maryland Comptroller of the Treasury, Gasoline Tax Division (see Appendices)
4 State of Maryland Motor Vehicle Administration and MDE Mobile Sources @bRtiogram (see Appendices).
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4.1.1.2 Stage Il Refueling
SCC: 2501 060 100

Description

Emissions from Stage Il refueling are substantially less than those from Stage | because gasoline
vapors that ordinarily might have escaped during vehicle fueling -aectdated by a special

nozzle back into the pump. The start year for Stage Il refueling in all Maryland ozone
nonattainment areas was 1993. Gasoline stations were required to have Stage Il nozzles installed
by November of that year. Calculations were Hame the filling method used and gallons sold.

Pollutants
VOC

Method and
Data Sources

EPA recommends that the MOVESdel be used to generate refueling (Stage Il) emission
factors for highway vehicle emission inventories (EPA, 2003). The model, desmseagiort
the evaluation of air pollution from gasolirend diesefueled vehicles, generates emission
factors for tailpipe emissions and refueling activities.

Activity

The MOVES model produces estimates of refueling emissions in units of grams per mile
These values are multiplied by fuel economy (in units of miles per gallon) and total

gasoline sales (in units of gallons purchased/sold) in the study area resulting in refueling
emissions in terms of grams. It should be noted that MOBILE makes useprof/ed

predictive equations to calculate refueling emission factors, including sensitivity to
temperature and Reid vapor pressure (RVP), and these have not yet been incorporated into
published AP42 factors for refueling. Additionally, the user may provitfermation on

local Stage Il emission controls to develop an emission factor for controlled emissions.

Refueling emissions have two mechanisms of introducing emissions to the environment:
(1) vapor displacement from the vehicle fuel tank during refilling; and (2) gasoline spillage
during refueling. The MOBILE user may request either a single emission flaato

combines the two mechanisms or separate emission factors for displacement and spillage.
Because both mechanisms should be taken into account when estimating refueling
emissions, the preferred approach is to request the combined emission factor.

Emission Factors

ARA mobile sources staff rahe MOVES2010bmodelto estimate the refueling emissions
using the grams per mile (g/mile) methodology described above. The emission estimates
were converted from grams to tons.
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Point Source
Adjustments

No subtaction of emissions from point sources is necessary.

Adjustment for
Controls

Controls for this source category include Stage Il Vapor Recovery Systems and Onboard
Refueling Vapor Recovery (ORVR) systems. The controls are reflected in the emission
estimaes produced by thtMOVES2010H model

Spatial and
Temporal
Allocations

Spatial
TheMOVES2010bmodel spatially allocates input files specify state codengl gasoline
sales data to spatially allocate emission estimates.

Temporal
The MOVES2010bmodel allocates monthly activity data per state codmgl and
national level estimates.

Emissions
Calculation

The equation for estimating emissions from tank truck unloading is:

(Gi X EFsui X MPG X SAF)

Esu = 5000 Where:
Esui = emissions of VOC in tons per day from stage Il refueling
Gi = gallons of gasoline sold in county i during 2011
EFsui= emission factor for stage Il refueling from the MES2010b

model (grams/mile)
MPG= average fuel econon{yniles/gallon)

SAF = seasonal adjustment factor to reflect summer weekday emissions

Stage Il Refueling Sample Calculation
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Since all calculations are included in MM ®VES2010bmodel output, a sample calculation is not
available for this source categor

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |40



4.1.1.3 Underground Tank Breathing
SCC: 2501 060 201

Description:

Underground tank breathing occurs when gasoline is drawn out of the tanks and into the pump
lines. During this process air moves into the tank evaporating gasoline and emitting vapors.

Pollutants
VOC and HAPs

Method and
Data Sources:

The method used tealculate emissions (all VOC), is presentedEliP®, Chapter 11, Gasoline
Marketing, which extracts the emission factors frAR42, Volume |, Table 5.2.

Activity

The Maryland Comptroller of the Treasury, Gasoline Tax Division (see Appendices)
provided annual gallons of gasoline and diesel fuel sold. This data includes taxable-and non
taxed gasoline purchased by the U.S. Government. State and local governmeatesales
included in the taxable sales data. The statewide total of gallons of fuel sold was allocated

to the county level proportional to the number of registered vehicles within the county.
Vehicle registration data was collected from the Maryland Depattofefiransportation,

Mot or Vehicle Administration that supplied
Program (see Appendices). Diesel fuel powered vehicle totals were subtracted from the
Maryland and county registration numbers.

Emission Factors

An emission factor of 1.0 Ibs. VOC per 1000 gallons throughput was used. The emission
factor was taken frorkllP, Chapter 11, Gasoline Marketing, which extracts the emission
factors fromAP-42, Volume |, Table 5.2. Factors were adjusted with cowstyecific
monthly average temperature and true vapor pressure values.

MDE used the same sources for gasoline sales and car registration as in tank truck unloading
(see Appendices).

5 Emission Inventory Improvement Program
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Point Source
Adjustments

No subtraction of emissions from point sourcesdsessary.

Adjustment for
Controls

Controls for this source category are reflected in the emission factors.

Spatial and
Temporal
Allocations

Spatial
Spatial allocation source data was base on vehicle registration data that was provided
through the Marylan®epartment of Transportation, Mw Vehicle Administration and

source data supplied to MDE6és Mobile Source
fuel powered vehicle totals were subtracted from the Marydacldcounty registration

numbers.

Temporal

A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate emissions from underground tank breathing is:

(Gi x ERub)

2000 Where:

Eutb

Eur = emissions of VOC in tons per day from underground tank breathing and
emptying

Gi = gallons of gasoline sold in county i during 2011

EFRuw= emission factor for underground tank breathib® 1bs.voc/1000 gallon
throughput)
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Underground Tank Breathing Sample Calculation (Carroll County)

To calculate fuel usage for Carroll County:
Total fuel sold in Maryland in 20%#1= 2,668,913 kgallors
Allocate gallons of fuel sold to the county level by the 2011 county vehicle registration proportion:

Carroll County vehicle registration ~ _ 160,603 0.0356
Total MD vehicle registration ~ 4,512,010 '
Gcarr =2,668,913 x 0.0356 =95,013 kgallons sold in Carroll County in 2011.

ERiw =0.8288lbs.voc/1000 gallon

(93,983 x 1000 %.8288 / 1000)
2000

Euw =

Eutb = 39.37 tonsoc per year

6 Annual sales of gasoline from Maryland Comptroller of the Treasury, Gasoline Tax Division (see Appendices)
7 State of Maryland Motor Vehicle Administration and MDE Mobile Sources @bRtiogram (see Appendices).
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4.1.1.4 Gasoline Tank Trucks in Transit

Description

SCC: 2505030 120

Breathing losses from tank trucks during the transport of gasoline are caused by leaking delivery
trucks, pressure in the tanks, and thermal effects on the vapor and on the liquid. A worst case
situation arises if a poorly sealed tank has been loadedjasthline and pure air becomes
saturated. During the vaporization process, pressure increases and venting occuren€Emiss
from this source category include the evaporation of petroleum vapor from:

1 loaded tank trucks during transportatiorgasoline from the bulk plant/terminal to the

service station or other dispensing outlet, and
1 from empty tank trucks returning from servid¢at®ns to bulk plant/terminals

Pollutants
VOC

Method and
Data Sources

The method used to calculate emissions (all VOC), is presentedP?) Chapter 11, Gasoline
Marketing (Stage | & Stage lignddated September 1997.

Activity

Emission Factors

EPA documents the emission factors in42 Table 5.25 and EIIP statethe emission
factors within the aboveeferenced document in Table 1-1.3 The AR42 emission

factors represent a typical
AP-42 and arrives at average emission factor vatfi@s055 and @05 Ibs voc per 1000

gallon gasoline, respectively for emissions from empty tank trucks and emissions from full

tank trucks.

range of

Emission Source

ElIP Table 11-3.1
Lb/1000 gallon
AAverageo

AP-42 Table 52.5
Lb/1000 gallon
ATypi cal R g

Gasoline TanKrucks in Transit

Empty Tank Trucks 0.055 0-0.11
Full Tank Trucks 0.005 0-0.01
8 Emission Inventory Improvement Program
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

MDE used the same sources for gasoline sales and car registration as in tank truck unloading
(see Appendices). MDE used the emission factors from EbRime l,andTable 5.25, of

0.06 pounds VOC per 1000 gallons throughput (combines 0.0&% Ih000 gallon full tank

truck delivery and 0.055 Koc /1000 gallon empty tank return). MDE also used a bulk

facility throughput adjustment factor of 1.09dacalculated throughput by a ratio of county

retail sales and state retail sales times state fuel sales.

Emission Factors:
Full tank truck delivery 0.005 Ibsvoc per 1000 gallons
Empty tank truck return _ 0.055 Ibsvoc per 1000 gallons
Combined (full & empty) 0.060 Ibsvoc per 1000 gallons

Bulk Facility Throughput Adjustment Factor: 1.09

Equation:
Ex (Gix 12'830)( Ef) Where:
Ex = emissions of VOC in tons per day from tank trucks in transit
Gi = thousand gallons of fuel sold in county i
ER: = Combined (full & empty) tank trucks in transit emission factor

2011 Gasoline Tank Trucks in Transit Sample Calculation (Carroll County)

To calculate fuel usage for Carroll County:
Total onroad and nooad fuel sold in Carroll County 98,329kgallons

G =98,329%gallons sold in Carroll County

(98,329x 1.09 x 0.06)
2000

Ex =

E« = 3.22 tonsvoc per year emitted from tank trucks in transit in Carroll County.
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4.1.1.5 Aviation Gasoline Distribution Stage 1 and Stage 2

SCC: 2501 080 050
2501 080 100

Description

I n Stage | aviation gasol i ne odatang pstorengiaesis e d
shipped to airports for use in civil aviation. AvGas is first placed into bulk terminals, and then
into tanker trucks. These filling processal causethedisplacemendf vapors into the
atmosphere during the transfer of gasfrom tank trucks to storage tanks, and vice versa.

Stage Il is the transfer of fuel from the tanker trucks into general aviation aircraft; during this
process vapors are also displaced into the atmosphere.

Pollutants
VOC, Pb (Lead), and HAPs

Point Souce
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments for
Controls

No adjustments for controls.

Spatial and
Temporal
Allocations

Spatial
Countylevel AvGas fuel distributions reported throughergy Information
Administration-EIA was spatial allocated for this swes.

Temporal

Annual countylevel emissions from PAlevel AvGas consumption from EIA,

Petroleum Supply Annual 201&ports weretemporaly allocated for this soues. SAF

was applied to emissions and were averaged according to period of operation to a daily
estimateSee section 2.2.1.1

Method and
Data Sources

MDE staff used the methkiology developed from theECHANERTAC Study, 2007, base on
terminals using AvGas fuel actityi assumptions data.
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Activity

MDE used selected data f r oEmergylData ygemar t ment
obtain fuel consumption data. MDE used airport survey data and the Maryland Aviation

Admini strationds 2011-Us pimpaortatd obtain gperaional n t
counts. A few airports, such as Andrews Air Force Base, prdvider own operations
count (see Appendices).

Fuel Consumption

Fuel Type

(1,000Gallong
Commercial Jet 123,900
Aviation Gasoline 1,806
Military Jet 1,239

Emission Factors

Emission factors for AvGas distribution from came fromthe (lREV i r on ment al
Estimation of Alkylated Lead Emissions, Final Repovthich was prepared for the U.S
Environmental Protection Agency, Office of Air Quality Planning and Standards. RTP,
NC 1993.

The emissions factors are separated by emissiouarce such as

EFtf = Aviation Gasoline from Tank Fill

EFst = Aviation Gasoline from Storage Tank

EFc = Aviation Gasoline from Composite

EFbl = Aviation Gasoline from Breathing Losses

Factors Not Used:

EFv = Aviation Gasoline frorivalves (There are NO AvGas Facilities/Tank Farms in MD)

EFp = Aviation Gasoline from Pumps (There are NO AvGas Facilities/Tank Farms in MD)

EF Type VOC Emission Factors Units

Tank Fill 0.009021383 LB/GALLON AvGas
Storage Tank 0.003605215 LB/GALLON AvGas
Composite 0.010306575 LB/GALLON AvGas
Breathing Losses 0.001694117 LB/GALLON AvGas
Valves Not Used 0.573201882 LB/VALVE*DAY
Pumps Not Used 5.952481079 LB/SEAL*DAY
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EFsum (Sum of Factors Used) 0.024627290 LB/GALLON AvGas
Tanker to Truck Transfer Stage Il 0.0136 LB/GALLON AvGas

Emission Estimate Equation: County Level

N : Amount of
EM = EFsum x  Fraction of LTOs x Aviation Gasoline
EM; = EFsum x (CAi/SA) x F
Where:
F = County aircraft fuel use

CAi= County aircraft activity (LTO)

SA; = State aircraft activity (LTO)

EFsum = Sum of Factors Used

EM = specific county (i) emissions from aircraft refueling in tons VOC per year

2011 Sample Calculation for Stage | AvGas Distribution (Allegany Glunt

F_Allegany = 1,806,00@_}8.”0[‘]8
CA i _ 15,561 _
Fraction of LTOs = SA_ S = 882,301 = 0.0176

EFsum_AIIegany Stage 1= 0.0246272899 Ib/gal AvGas

EM Allegany= (0.0246272899 x 0.0176x 1,806,00/2000 = 0.39 tongoc /year

2011Sample Calculation for Stage Il AvGas Distribution (Allegany County)

F_Allegany = 1,806,00@&”0[‘]8
CA i _ 15,561 _
Fraction of LTOS=  ga~ = —gsraor - 00176

EFsum_AIIegany Stage IF 0.0136 Ib/gal AvGas

EM Allegany= (0.0136 X 0.0176x 1,806,000/2000 =0.22 tonsvoc /year
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4.1.1.6 Petroleum Vessel Unloading Losses

SCC:
2505020030 crude oil

2505020090 distillate oil
2505020120 Gasoline
2505020150 Jet naphtha
2505020060 residual oil
2505020180 kerosene

Description

Petroleum liquids are transported via ships and barges, diaddtransportation. The

procedures discussed below relate to marine transport of petroleum liquids. This category does
not include emissions from fuel consumed by vesshlk in transit or in port. Evaporative

VOC emissions from ocean going ships and barges carrying petroleum liquids result from
loading losses, ballasting losses and transit losses. Petroleum liquids are classified into groups
which are represented byude oil, gasoline, jet naéfha, distillate oil/kerosene, or residual oil.
Loading and ballasting losses do not occur with pipeline transport of petroleum prédrdt® (
Section 5.2).

Loadinglosseoccur as organi c Vvapor glacedtothd amogphered car ¢
by the liquid being loaded into the tanks. These vapors are a composite of vapors formed in three
ways:

A Vapors which are formed in the fiemptyo tan
previous loads;

A Vapors transferred to thank from a vapor balance system that was used when the
previous load was being unloaded; and

A Vapors generated in the tank as the new product is being loaded.

Loading losses are usually the largest source of evaporative emissions from petroleum vessels
(EPA, 1996).

Ballasting lossesare associated with the unloading of petroleum liquids at marine terminals and
refinery loading docks. It is common practice to load several cargo tank compartments with sea
water after the cargo has been unloaded. Thiswater]l | ed Aball ast, 0 I mprov
empty tanker during the subsequent voyage. Ballasting emissions occur aksgeaepair in the

empty cargo tank is displaced to the atmosphere by ballast water being pumped into the tank.

Transit lossesare similar to breathing losses associated with petroleum storage. Transit loss is
the expulsion of vapor from a vessel compartment through vapor contraction and expansion,
which are the result of changes in temperature and barometric pressure. This lbes may
accompanied by slight changes in the level of the liquid in the tank due to liquid expansion or

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |49



contraction due to the temperature change. Some ships are equipped with controls for these
losses.

Pollutants
VOC

Method and
Data Sources

Activity

The method used to calculate emissions (all VOC) is presenE P Chapter 12,
Marine Vessel Loading, Ballasting and Transit, dated May 1998.

A significant part of the emissions from this source are from the Eastern Shore of
Maryland because petraim products are delivered to this area by barge rather than by
pipeline as in the rest of the state. To compile emissions MDE used guid&it®, in

Chapter 12, Marine Vessel Loading, Ballasting and Transit and emissions factors from
ElIP Table 12.4, Waterborne Commerce of the United States, Waterways and Harbors
Atlantic Coast, Part 1, 2010 daendAP-42, Table 7.12 liquid densitiesWaterborne
Commercesupplied tonnage and type of petroleum products delivered to the various ports
in Maryland for theyear 2010 (see Appendices). Tonnages of petroleuwedeti were
converted into Kgal.61000 gallons) and then used to calculate emissions.

Factors
UNCONTROLLED VOC EMISSION FACTORS FOR PETROLEUM CARRYING
MARINE VESSELS (EPA, 1996)
Ship/ Oceaf‘ Barge Loading Ballasting Transit
Vessel Loading
Petroleum (Lbs or (Lbs. voc per (Lbs. voc per (Lbs. voc per
Liquid - Voc P 1,000 gallons 1,000 gallons 1,000 gallons
1,000 gallons
Transferred) Transferred) Transferred)
Transferred)
Crude Oill 0.61 1 1.1 1.3
Gasoline 1.8 3.4 0.8 2.7
Jet Naphtha /
Other 0.5 1.2 NA 0.7
Distillate Oil / 0.005 0.012 NA 0.005
Kerosene
Residual Oil 4 x107° 9 x10'° NA 3x10°

9 Emission Inventory Improvement Program
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is navailable for this source.

Temporal
SAF was applied to emissions and were averaged according to period of operation to a
daily estimate. See section 2.2.1.1

Data obtained from sources such aswWreerborne Commerce of the United Statestypically
provided in terms other than 1,000 gallons (Mgal) as is required in EIIP Equatieh 424

must be converted. Equation 1224an be used to convert units from 1,000 ton (Mtons) to Mgal.
Where:

PPv = (PPwm/ d) x 2,000 Ib/ton) x (Mgal/1,000 gallons)(%,000 tons/Mtons)

PPv = Amount of petroleum liquid (Mgal)
PPwm = Amount of petroleum liquid (Mtons)
d = Density of petroleum liquid; see Table-2.in AP-42 (Ib/gallon)

Density*°
(Ib/gal)
Distillate Oil 7.10
Residual Oil 7.90
Gasoline 5.60
Kerosene 7.00
Crude Ol 7.10
Jet Naphtha 6.40

If controls exist, then control efficiency can be calculated:
PPc=PPyx (1- CE/100)

Where:

PPc = Controlled emissions (tons)

PPu = Uncontrolled emissions (tons)
CE = Control efficiency (%)

10AP-42, Table 7.12
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Equation:

[(SOER X PR + (BREF-X PRy p) + (BLEFp.uX 0.20 X PRLp) + (TRER X

PVp = PPI',P)]
2000

Where:

PVp: Total VOC emissions frompetroleum vessel loading, ballasting, and transit
for each of the petroleum liquids (p) transported: crude oil, gasoline, kerosene,
distillate oil, and residual oil (tons)

SOER: Ship/ocean vessel loading emission factor (pounds VOC per Gz20l0ds
transferred)

PR Amount of petroleum liquid (p) loaded into ships and ocean vessels in the
inventory region (1,000 gallons)

BREF:: Barge vessel loading emission factor (pounds VOC per 1,000 gallons
transferred)

PR p: Amount ofpetroleum liquid (p) loaded into barges in the inventory region

(1,000 gallons)
BLEFp,u: Ballasting emission factor (pounds VOC per 1,000 gallons water ballasted)

PRsLp: Amount of petroleum liquid (p) unloaded from vessels that are ballasted
(1,000 gallms)

TREF: Vessel transit emission factor (pounds VOC per week per 1,000 gallons
transferred)

PPrp: Amount of petroleum liquid (p) transported by marine vessels in the inventory

region (1,000 gallons)

2011 Petroleum Vessel Unloading Losses Sample @4lon (Gasoling Baltimore City

Gallons (in Thousands) of Petroleum Shipped in Baltimore Harbor

Crude Oil Distillate Gasoline Jet Residual Kerosene
Qil Naphtha Qil
Baltimore 5,634 10,986 329,286 625 405,316 241,143
City

Tonnage of distillate oil shipped in Baltimore Harbor (from Waterborne Commerce of the U.S.,
2010) were converted in thousands of gallons (Kgal.s) and then used to calculate emissions.
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Vessel Loading Emissions

For vessel loading operations, 90 percdrihe total throughput was loaded at terminals with a
control system of 95 percent efficiency. According to the local port authorities, transit time in the
inventory area is two days (2/7 of a week). Emissions for each emission point are calculated
using Ejuation 12.41 and the emission factors from Table 12.4n this example, emissions for

each emission point are calculated separately and then totaled. Note that CE is applied to vessel
loading emissions, and transit emissions are apportioned to twpelaygek by multiplying
emissions by 2/7.

Baltimore City:

Vessel Loading gas = 0.06al

Barge Loading gas = 0.0Qgal

Ballasting gas = 0.0Bgal

Transit gas 329,286Kgal

Baltimoregas Total = (0.00 + 0.00 + 0.00 + 329,286) = 329,286 Kgal

Vessel Loading(gasoline) emissions are calculated:
PV cas = [(1.8 Ibsvoc/Kgal) x (0.00 Kgal/yr) x {0.10 + [0.9 ( 1 95/100)]}+ 2,000 Ib/ton
PV cas = 0.00 tons/year

Barge Loadingemissions are calculated:
PV cas = [(3.4 Ibsvoc/Kgal) x (0.00 Kgallyr)] = 2,000 Ib/ton
PV cas = 0.00tons/year

Ballasting emissions are calculated:
PV cas = [(0.8 Ibsvoc/Kgal) x (0.00 Kgal/yr) x@.20)] = 2,000 Ibs/ton
PV cas = 0.00tons/year

Note tha the calculation for ballasting emissions in the equation includes a correction term of
0.20. This correction term reflects the practice of loading a ship or barge at some fraction of
capacitywhenballasting

Transit emissions are calculated:
Accordingto the Maryland Port Authorities transit time is 6 hours out of 24 or 25% during a
week (7 days).

PV cas = (2.7 Ibsvoc/Kgal) x (329,288 gallyr) x (0.25/7wk) + 2,000 Ibs/ton
PV cas = 15.88 voctons/year

Total VOC emissions are calculatedfaléows:
Total voc = 0.00tons/year 40.00tons/year 4).00tons/year +5.88 tons/year
Total voc = 15.88 tons/yr
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4.1.1.7 Portable Fuel Containers

SCC: 2501 011 011 (ResidentialPermeation)
25 01 011 012 (ResidentiaDiurnal)
25 01 011 013Residential Transport)
25 01 011 014 (ResidentialPumpRefuding - Vapor Displacement)
25 01 011 015 (ResidentislPumpRefuding - Spillage)
2501 012 011 (CommercialPermeation)
2501 012 012 (CommercialDiurnal)
2501 012 013 (Gamerciali Transport)
2501 012 014 (CommercialPumpRefuding - Vapor Displacement)
25 01 012 015 (CommercialPumpRefuding - Spillage)

Description

Portable fuel containers (PFCs) store and transport fuel from gasoline service stations to
residential homes and businesses. Emissions from PFC use include:

1 Permeation Emissionswhich are produced after fuel has been stlwed enough in a
can for fuelmolecules to infiltrate and saturate the can material.

1 Diurnal Emissions which result when stored fuel vapors escape to the outside of a gas
can through any possible openings while the gas can is subjected to daily cycle of
increasing and decreasing amniiti temperatures. Diurnal emissions are dependent on the
closed or openstorage condition of a gas can.

1 Transport Emissionsarise when fuel escapes (e.g., spéls,) from gas cans that are in
transit.

1 Equipment Refueling Emissionsesults when fuel espes (e.g., spillage, vapor
displacement) during the refueling of nonroad equipment; however these emissions are
handl ed by EPA6s NONROAD model . Activity
used to estimate these emissions (described below).

Both residentl and commercial PFCs are included. The SCCs for PFCs are also new and are
shown above.

Pollutants
VOC
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Method Data
Sources and

The method used to calculate emissions (all VOC), is tadofrom a CARB! survey and
methodology adopted by OT€

Portable fuel container emissions are calculated by accounting for emissions from five different
components related to gas container use: permeation, diurnal, tresygpage, refueling

spillage and refuelingapor displacement emissions. The permeation, diurnal emissions
(associated with storage) and transysmitiage (associated with filling the can) emissions are
included in the area source inventory. The equipment refueling spillage and refueling vapor
displacement emissions are calculated from thernad model and are included in the froad
inventory

Activity
The following input data is required to calculate emissions for this source category.

1. Rather than assuming that the numbers of PFCs per Hmdsand per business were
consistent across t he e n t -roade emiSsiors tneodel MD E
(NONROADZ2005) to estimate nonroad consumption of gasoline by county by source
category classification (SCC) code. Each SCC code has a unique usager@ahversus
residential), a unique ratio of the percent of fuel dispensed from PFCs * The previous draft
version of this report (EPA42D-06-003) was based on estimates from the draft
NONROAD2004 model.(versus from fuel pumps), and a unique spillagégrai@s per
gallon).

2. Number of commercial busines$&2002 expected to have at least one gas can by county,
NAICS 11, 23, 31, 32, 33, 411, 447, 45299, 484, 488, 493, 53131, 5321, 532291, 5323,
5324, 54132, 54162, 54169, 56173, 71391, 71393, 7212, 81812A8.

3. MDE was able to estimate by county by source category classification (SCC) code the total
guantity of gasoline supplied from PFCs as well as the total spillage (from using the PFCs
to refuel the individual pieces of equipment) for residential @isagd for commercial
usage. For example, running the NONROAD2005 model for calendar year 2011 produced
the following estimates (obtained by summing the individual $tgtstate estimates).

Emission Factors

Separate emission factors weleveloped for permeation, diurnal, transport and spillage
emissions for PFC (both for commercial and residential PFCs). These emission factors
were derived from CARB6s survey data (CARB,

LARBOs Mail @bt MPQb®9c Meeting to Consi «€entainekpproval of
Emi ssi ons ARBy1B9)t ory, A (

12 Control Measure Development Support Analysis of Ozone Transport Commission Model Rules, E.H. PECHAN

& Associates, Inc. 5528 Hempstead Way, Springfield, VA 22151, March 31, 2001.

B Total 2011 employment and business establishments by N#H@S code and by county, County Business

Patterns
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Point Source
Adjustments

None need

Adjustment for
Controls

Maryl anddos COMAR 26.11.13.07 rule regul ates
portable fuel c equirea perioemarsce stafrdar@sdos PFCg anddot spouts that
will reduce emissions do to storage, transport, and refuelingti@s. (2011 control efficiency

of 65% and a control factor of 35.75%). COMAR Wigltx:
http://www.dsd.state.md.us/comatr/title_search/Title List.aspx

Spatial and

Temporal

Allocations
Spatial
For the residential PFC SCCs, emissions were allocated to the local area level based on a
housing surrogate. Commercial PFC emissions were allocated to the local area level based
on commercial and industrial business location.

Temporal
Since this activity is year round annual emissions were ahbgie365 to estimi daily
emissions

Emissions
Calculation

The equation used to estimate emissions from portable fuel containers is:
Equation:
The residentiajascan population isalculated as follows:

Pom = (N)*(A)*(Countr) (Eqg. 1)

where: Por = Statewide Residenti#basCan Population
N = Number of OccupiedHousing Units in OTC State
A = Percentage of Households with Gas Cans (46%)
Counk= Average Number of &sidentialGas Cans per Household
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Statewide residentiglascanpermeation emissions are computed as follows:

HCpr =

where:

HCpr
Pom
EF
S

Br

Sizer
Level
CF

S (Pomw)*(S)*(EFp)*(BRr)*(Sizer)*(Level)/CF (Eq. 2)

Permeation Emissions in tons per day (tpd)

Statewide Residenti@basCan Population

Appropriate PermeatieBmission Factor (g/galay)

Percentage of Gas Cans Stored with Fuel (70%)

Percentage of Cans Stored in Closed Condition with respect to
Material (Plastic 53%; Metal 13%)

Weighted Average Capacity of Residentzds Cans (2.3dal.)
Weighted Average Amount of Stored Fuel (49%)
907,184.5844 g/ton

Diurnal emissions from both opeand closeesystemresidentialgas cans are calculated as

follows:

HCobr = (Pow)*(S)*(EFp)*(Br)*(Sizer)*(Level)  (Eq. 3)

Where:

HCbr

Popr
S
ER

Br
Sizer

Level
CF

Diurnal Emissions (tpd) for Residenti@as Cans with respect to
Storage Condition (Open or Closed) and Material (Plastic or
Metal)

Statewide ResidentigbasCan Population

Percentage of GaSan Population Stored with Fuel (70%)
Appropriate DiurnaEmission Factor with respect to Storage
Condition and Material (g/galay or g/day)

Percentage of GaSan Population with respect to Storage
Condition and Material

Weighted Average Capacity of Residentzds Cans (2.3dal.)
Weighted Average Amount of Stored Fuel (49%)
907,184.5844 g/ton

Residentiakransporispillage emissions are determined as:

HCrr = (Pom)*(S)*(RefillR)*(EFT)*(Br)  (EQ. 4)

Where:

HCtr
Pom
S
Refillr
EF
Br

CF

ResidentialGasCan TransporiSpillage Emissions (tpd)
Statewide Residenti#basCan Population

Percentage of Gas Cans Stored with Fuel (70%)

Average Number oResidentialGasCansPumpRefills per Day
per Can (refill/day from survey)

TransporEmission Factor with respect to Storage Condition
(g/refill)

Percentage of Gas Cans with respect to Storage Condition and
Material

907,184.5844 g/ton
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The commerciagascan population is calculated as follows:

Por = (No)*(Count) (EqQ.5)
Where: Popr = Statewide CommercigbasCan Population
Ne = Number of Occupied Businesses in State
Count= Average Number of Gas Cans per Business
Statewide commerciajascanpermeation emissions are computed as follows:
HCpc = S (Pom)*(S)*(EFp)*(Bc)*(Sizec)*(Level) (Eg. 6)
Where: HCpc = Permeation Emissions (tpd)
Popr = Statewide CommercigbasCan Population
ER = Appropriate PermeatieBmission Factor (g/galay)
S = Percentage of Gas Cans Stored with Fuel (70% for Residential
Survey)
Bc = Percentage of Applicable Gas Cans Stored in Closed Condition
Size: = Weighted Average Capacity of Commereizds Cans (3.48al)
Level = Weighted Average Amount of Stored Fuel (49% from Residential
Survey)
CF = 907,184.5844 g/ton

The amount of diurnal emissions from both opemd closeesystem commerciajas cans is

calculated as follows:

HCbc = (Po)*(S)*(EFp)*(B c)*(Sizec)*(Level) (Eq. 7)
Where: HCpc = Diurnal Emissions (tpd) for Commerci@las Cans with respect to

Storage Condition (Open or Closed) and Material (Plastic or
Metal)

Popr = Statewide CommercigbasCan Population

ERH = Appropriate DiurnaEmission Factor with respect to Storage
Condition and Material (g/galay or g/day)

S = Percentage of Gas Cans Stored with Fuel (70% from Residential
Survey)

Bc = Percentage of Gas Cans with respect to Storage Condition and
Material

Sizee = Weighted Aerage Capacity of Commerci@las Cans (3.43 gal.)

Level = Weighted Average Amount of Stored Fuel (49% from Residential
Survey)

CF = 907,184.5844 g/ton
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The nonlawn-andgarderequipment commercigascan refills at the pump is derived as

follows:

e
REFILL .= é

(a Fuel)

Where: Refillc =
Fuel =
Sizee =
PORwon =
S =

CF =

&(SIZE ¢ )* (POP o0, )* (S)

2
u (Eq. 8)
g

Average Number of Nehawn-andGarden Equipment
CommercialGasCans Pump Refills per Day per Can (refill/day)
Non-LawnandGarden Equipment Fuel Consumption (gal/day) for
2000

Weighted Aveage Capacity of Commerci@as Cans (3.43
gal/canrefill)

Statewide CommercigbasCan Population with respect to Non
LawnandGarden Businesses

Percentage of Gas Cans Stored with Fuel (70% from Residential
Survey)

907,184.5844 g/ton

The commerciatransporispillage emissions are determined as:

HCrc = (Por)*(S)*(B o)*(Refill ¢)*(EFc) (Eq. 9)
Where: HCrc = CommercialGasCanTransporSpillage Emissions (tpd)

Popr = Statewide CommercigbasCan Population

S = Percentage of Gas Cans Stored with Fuel (70% from Residential
Survey)

Bc = Percentage of Gas Cans with respect to Storage Condition and
Material

Refillc = Average Number of Ga€ans Pump Refills per
Day per Can

EFrc = TransporSpillage Emissioifractor (g/refill) with respect to
Storage Condition

CF = 907,184.5844 g/ton

The total area source portable fuel container emissions are summed as follows:

Eprc-a

Eprc-sp

Where:
Eprc-a

AADF

HCprtHCpr+HCr+HCPC+HGCc+HCrc
Eprc-a *SAF/ADDF
(tons/yr) for an annual emission of pollutant by county

Errc-sp = (tons/day) for a typical summer day emission of pollutant
= Annual activity day factor (WAF * 52 weeks/year)
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SAF = Seasonal adjustment factor
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4.1.2 Stationary Source SolventApplication

4.1.2.1 Dry Cleaners
SCC: 24 20 000 000

Description

Dry-Cleaning facilities utilize solvents in their cleaning process which causes the emission of
VOCs into the air.

Pollutants
VOC

Method and
Data Source

Emissions from the drgleaning process were estimated by taking county employment and
adjusted employment numbers from-gtganing and multiplying them by a given per capita
emission factor for VOCs.

Activity

The County Business Patterns reports eyplent data for the counties of Maryland.
Employment data is listed by the North American Industrial Classification Standard (NAICS)
code(s) (81231, 81232, and 81233) that are used to determine-texeitgmployment.
Employment data collected was allte@dto each county usir@ounty Business Patterns
employment data for 2010 for the counties of Maryland. County Business Patterns internet
addresseshftp://censtats.census.gov/Agn/clhpnaic/cbpsel.pl Midpoint adjustments were
determined for counties which had employment given a letter range.

Emission Factor

Emission factors for dry cleaning came from 2008 Emission Inventory Data &
Documentationtttp://www.epa.gov/ttn/chief/net/2008inventory.hfiilonpoint section
for Dry Cleaning: in Table Zreated by EPA and ERTAC committee through a joint
study.

VOC = 10 Ibsper person.

Point Source
Adjustments

None
Adjustments
for Controls
None
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Spatial and
Temporal
Allocations
Spatial
Data for spatial allocation is not available for this source.

Temporal
Since this activity is year round annual emissions were divided by 365 to estimate daily
emissions.

Emissions
Calculation

Emissions are calculated for each county using emission factors and activity as:

Ex,y = EMPX X EFy

where:
Exy = annual emissianfor county x and pollutant y
EMPx = employment data associated with county x
ER, = emission factor for pollutant y

2011 Sample Calculation Di@leaning Emissions (Anne Arundel County)

Eallegany = EMPaiegany X EFvOC

Eallegany = 440 person x 10 Ibs voc/person
EAIIegany = 4,400 Ibs. voc

Eallegany = 2.2 tons voc per year
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4.1.2.2 Industrial and Institutional Cleaning
SCC: 24 15 300 000

Description

Industrial and Institutional Cleaning (Cold Cleanbggreasing) is seen primarily at auto repair
stations or manufacturing facilities, where solvents at room temperature (or slightly warmed) are
used to clean parts via immersion or rinsing.

Industrial and Institutional Cleaning are usually individually Bmaission sources and because

they are widely scattered and frequently used, they are most easily treated as area sources. If they
are collocated at a major source, they may be included in the point source inventory and those
emissions will need to belstiacted from the area source estimate.

There are two basic types of cleaning machines: batch dimgtioleaning machines (also called
continuous cleaning machines). Both of these equipment types are designed to use solvent to
clean parts. The solveist either used to clean in its neapor liquid form (at a temperature

below the boiling point, referred to as cold cleaning), or heated to a temperature above its boiling
point (referred to as vapor cleaning). Other solvent cleaning operations involigetbésolvent

in wipe-cleaning and equipment cleanup. Emissions from solvent cleaning machines can also be
considered to be point sources; therefore, the estimation process for the source category must
take this into account to prevent double countingrofssions. Additionally, emissions from

solvent cleanup may be included as a part of an industrocessspecific emission estimate.

Pollutants
VOC and HAP (Trichloroethylenie 79016)

Method and
Data Source

MDE staff used the methkiology developedrom thePECHANERTAC Study, 2007, base on
emplacenentactivity dataandmethod documented BIIP*4, Chapter 6, Solvent Cleaning, dated
September 199 emission estimation for this sourcategory

Activity

The County Business Patterns reports employment data for the counties of Maryland.
Employment data is listed by the North American Industrial Classification Standard
(NAICS) code(s) that are used to determine colexgl employment. Employment data
collected was allocated to each county ustwunty Business Patteresnployment data
for 2010 for the counties of Maryland. County Business Patterns internet addresses
(http://censtats.census.gov/dmn/cbpnaic/cbpsel.jl

14 Emission Inventory Improvement Program
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An activity level of 6 days a week with no seasonal adjustment factor was used as
recommended in the EIIP document. Solvent stoaagerecycling centers such as Safety
Kleen are included in the point source inventory. The 2010 County Business Patterns
employment data for Maryland by countyistéd in the appendices. rAduction factor

(Phase Il Attainment Plan for the Baltimore Mttainment Area and Cecil County) of

53.60% was applied to the calculated emissions. This factor combines reductions from
technology rules and good housekeeping practices and the application of rule effectiveness
as shown below:

Reductionfactor = (contol efficiency)x (rule effectivenessy (rule penetration)
Reduction factor = 0.67 x 0.80 x 1.00
Reduction factor = 0.5360

Emission Factor

Table 6.52 of the EIIP document lists a total emission factor of 87 Ibs. VOC per employee
per year for solvent cleaning operations. The emission factor for the HAPs
Trichloroethylenég 79016 was developed from tRECHANERTAC Study, 2007 The
studyincluded aHAP Trichloroethylene emission factor base on a percent weight factor of
total solvent VOC which is 0.00686. This percent weight factor of total solvent VOC was
multiply by the total emission factor of 87 Ibs. VOC per employee per year and doyided
100 that resulted in Trichloroethylene emission factor of 0.5888ichioroethylene

lyrlemployee.

Factors

Ecc = 87 Ibsvoc per employee per year for cold cleaning degreasers
CEc= 67%

REc.= 80%

R Pcc = 100%
Note:

Emissions from this soce category have increased because of a change in the emission factor
and emission estimation methodology. In previous emission inventories, only cold cleaning
degreasing operations were considered an area source and open top and conveyor degreasing
operdions were considered point sources that were listed in the MR fegistration files. No
point source emissions were then subtracted from the area source inventory. MDE previously
used an emission factor frofP-42, Section 4.6 SolventDegreasing, Table 4.8°. This table
reports a 4.0 Ibs. VOC per capita emission factor that includes 25 percamtactne VOCs,

yielding an effective emission factor of 3.0 Ibs. VOC per capita. A 1996 reduction factor of 0.70
was applied to the calated emissions (rule effectiveness was not applied). This factor

15 Non-methane VOC Emissions from small cold cleaning degreasing operations
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combines reductions from technology rules and good housekeeping practices. In effect, MDE
increased the emission factor from 3.0 to 4.3.

Point Source
Adjustments

Solvent cleaningmissions from facilities identified as point sources were subtracted from the
area source inventory to avoid double counting.

Adjustment for
Controls

Maryland has adopted a cold and vapor degreasing regulation (COMAR 26.11.19.09). The
regulation mandatebat all cold degreasing material must have a vapor pressure less than or
equal to 1 mm Hg at 20 degrees centigrade after May 15, 1996. The regulation also requires that
good operating practices be implemented to minimize VOC losses. MDE estimatesraesit

control efficiency for this control.

Spatial and
Temporal
Allocations

Spatial
CBP employment data was spatial allocation for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estinate.

Emissions
Calculation

The equation used to estimate emissions from cold cleaning/degreasing is:

Equation:
. % N

Eco= PEMPL EFee, ) (CEoc* REc* RRe)|]- Evsoucece
| 2000 y

Where:
Ecc = Emissions of VOC in tons/day from cold cleaners
EMPL; = 2010 employment of county |
EF.c = VOC emissions factor for cold cleaning degreasing
CE = Control efficiency for cold cleaning degreasing
RE.. = Rule Effectiveness for cold cleaning degreasing

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |65



RP:c
E PtSourceCC

= Rule Penetration for cold cleaning degsing

= Point Source Emissions from cold cleaning degreasing

2011 Sample Calculation for Cold Cleaning Degreasing Products Industrial and Institutional
(Baltimore County)

(22,809° employee x 87 Ibsoc /employee/year)i¢ns/2000 Ibs.) = 99®nsyoc /year emitted.

Converting to tons per day: 992312 operating days per yéjr= 3.18tonsvoc per day emitted
(there is no seasonal adjustniént

To adjust for controls
992tonsvoc /yearx [11 (0.67 x 0.80 x 1.00% 460.38 tons/oc / year emitted witltontrols
applied

16 County Business Patter2910 employment data for Marylaig Counties (see appendices)
176 days per week operation from EIIP
18 No seasonal adjustment from EIIP
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3.3.2.3Surface Coating

Surface coating includes paints, enamels, varnishes, lacquers and other product finishes. Some
of those coatings contain a solwratsed liquid carrier; others use a wdiased liquid carrier

but still contain a small portion of solvents. Solvents &e ased to clean up painting

equipment. The primary types of surface coating applications are architectural coatings,
automobile refinishing and traffic paints.

4.1.2.3 Architectural Surface Coating
SCC: 24 01 002 000 (Solvehased)
SCC:24 01 003 000 (Watdrased)

Description

Architectural surface coating is an area source that occurs from homeowners and contractors
painting homes, buildings and signs.

Pollutants
VOC

Method and
Data Sources

MDE staff used an alternative per capita emission estimation method documeBti&din

Chapter 3, Architectural Surface Coating, dated November 1995. The document provides an
outline for developing a per capita usage factor, and for using that usage factor and an emission
factor to calculatea VOC emission estimate.

Activity

Determinethe per capita usage factor by dividing the national total architectural surface
coating quantitie® for solvent and watetbased coatings by the U.S. populatidir that
year.

Per Capita Usage Factor Development

The table below showsprtion of Table 2 from the U.S. Bureau of Census MA325F(10)
1 - Paint and Allied Products 2010. This section of the table summarizes the market
information available on architectural coatings for the year of 2010. In the table, types of

19 Emission Inventory Improvement Program

20 Total national coating usage is compiled by the Bureau of the Census, Report MABAIE and Allied
Products, available on the Census Bureau Bulletin Board, (30-2RgHT.

2! population data from the U.S. Bureau of the Census, Population Estimates @eméippendices).
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paints are identiéd as being either solverdr waterbased paints, except for the two

types listed as Architectural Lacquers and Architectural Coatings N.S.K. These latter
types of paints can be assumed to be entirely seheased coatings. The calculation to
obtain thenumber of gallons of solvent based paints totals the gallons for Exterior Solvent
Type, Interior Solvent Type, Architectural Lacquers and Architectural Coatings N.S.K:

SolventBased Paints 113,964thousand gallons of paints

The calculation to obtailé number of gallons of water based paints totals the gallons for
Exterior Water Type and Interior Water Type:

WaterBased Paints = 510,560thousand gallons of paints

The per capita usage factor is calculated by dividing the total usage of solvenpdiasety
the U.S. population, and the total usage of water based paint by the U.S. population.

Gallons of Solvent Based Paint
U. S. Population
113,964,000
311,591,917

= 0.3657

Per Capita Solvent Based Usage Factot

Gallons of Water Based Paints
U. S. Population
510,560,000
311,591,917

= 1.6386

Per Capita WatdBased Usage Factor =

Table 2. Quantity and Value of Shipments of Paint and Allied Products: 2010 and 2009
Product
code Product description Year Quantity

3255101 Architectural coatings 2010 643,900
2009 634,874

3255101111 Exterior, solvent thinned paints and tinted bases, including barn 2010 33,847
and roof paints 2009 33,571
3255101115 Exterior, solvent thinnednamels and tinted bases, including 2010 17,367
exteriorinterior floor enamels 2009 14,755
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3255101119

3255101121

3255101125

3255101129

3255101131

3255101135

3255101139

3255101141

3255101145

3255101211

3255101215

3255101219

3255101221

3255101225

Exterior, solvent thinned undercoaters and primers

Exterior, solvent thinned clear finishes aswhlers

Exterior solvent thinned stains, including shingle and shake

Exterior, other solvent thinned coatings, including

bituminous paints

Exterior, water thinned paints and tinted bases, including barn
and roof paints

Exterior, water thinned exterianterior deck and floor enamels

Exterior, water thinned undercoaters and primers

Exterior, water thinned stains and sealers

Exterior, other exterior water thinned coatings

Interior, flat solvent thinned wall paint and tinting bases, including
mill white paints

Interior, gloss and quick drying enamels and other gloss solvent
thinned paints andnamels

Interior, semigloss, eggshell, satin solvent thinned paints and
tinting bases

Interior, solvent thinned undercoaters and primers

Interior, solvent thinned clear finishes and sealers

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010
2009

2010

6,816
6,448

4,028
4,054

13,618
12,096

1,578
1,671

92,625
93,665

10,583
10,727

10,587
10,725

21,501
20,678

9,035
8,980

1,155
1,288

3,983
3,389

9,870
9,691

21,702
(D)

(S)
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2009 (S)

3255101228 Interior, solvent thinned stains 2010 1,309
2009 1,216
3255101231 Interior, other solvent thinned coatings 2010 (D)
2009 (D)
3255101235 Interior, flat water thinned paints and tinting bases 2010 144,394

2009 142,894

3255101238 Interior, semigloss, eggshell, satin, and other water thinned paints 2010} 183,428
and tinting bases 2009 176,562

3255101241 Interior, water thinned undercoaters and primers 2010, 38,407
2009 42,781

3255101245 Interior, other interior water thinned coatings, stains, and sealers 2010 5,119
2009 5,250

3255101248 Architectural lacquers 2010 4,086
2009 4,126

3255104 Product finishes for original equipment manufacturers (OEM), 2010 329,931
excluding marine coatings 2009 285,070

3255104111 Automobile, light truck, van, and sport utility vehicle finishes 2010 43,172
2009 31,580

3255104121 Automobile parts finishes 2010 2,792
2009 1,929

3255104131 Heavy duty truck, bus, and recreational vehicle finishes 2010 5,757
2009 5,352

3255104141 Other transportation equipment finishes, including aircraft 2010 5,369
and railroad 2009 4,187

3255104211 Appliance, heating equipment, and-eanditioner finishes 2010 3,990
2009 4,266
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3255104215 Wood furniture, cabinet, and fixture finishes 2010 34,578
2009 32,500
3255104218 Wood andcomposition board flat stock finishes 2010 7,135
2009 6,274
3255104221 Metal building product finishes (including coatings for 2010 36,455
aluminum extrusions and siding) 2009 35,303
3255104225 Container and closure finishes 2010 40,164
2009 35,647
3255104228 Machinery and equipment finishes, including road building 2010 10,151
equipment and farm implement 2009 9,462
3255104231 Nonwood furniture and fixture finishes, including business 2010 22,155
equipment finishes 2009 20,710
3255104235 Paper, paper board, film, and foil finishes, excluding pigment 2010 (S)
binders 2009 10,854
3255104238 Electrical insulating coatings 2010 1,015
2009 866
3255104241 Thermoset general decorative, appliance powder codtings 2010 8,951
2009 6,933
3255104245 Thermoset general decorative, automotive powder coatings 2010 3,765
2009 2,437

Thermoset general decoratiachitectural powder coatings (such as
3255104248 aluminum 2010 1,096
extrusions) 1/ 2009 959
3255104251 Thermoset general decorative, lawn and garden powder coatings 2010 999
2009 890
3255104255 Thermoset general decorative, general metal finishing powder coatings 2010 19,806
2009 16,225
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3255104258 Thermoset functional powder coatings (for pipe, rebar, 2010 (D)
electrical insulation, etcl/ 2009 (D)
3255104261 Thermoplastic powder coatings (all) 2010 (D)
2009 (D)
3255104263 Other powder coatings 2010 (D)
2009 (D)
3255104265 Other industrial product finishes 2010 23,378
2009 20,774
3255107 Special purpose coatings, includingratrine coatings 2010 168,326
2009 158,575
3255107111 Industrial new construction and maintenance paints, interior 2010 35,570
2009 34,704
3255107115 Industrial new construction and maintenance paints, exterior 2010 16,571
2009 13,886
3255107121 Traffic marking paints (all types; shelf goods and highway 2010 37,335
department) 2009 35,047
3255107131 Automotive, other transportation and machinery refinish 2010 55,899
paints and enamels, including primers 2009 52,504
3255107141 Marine paints, ship and efhore facilities and shelf goods for 2010 10,924
both new construction and marine refinish and 2009 11,498

maintenance. Excludes spar varnish
3255107151 Marine paints for yacht and pleasure craft, new construction, 2010 (D)
refinish and maintenance 2009 (D)
3255107161 Aerosol- paint concentrates produced for packaging in 2010 (D)
aerosol containers 2009 (D)
325510B Miscellaneous allied paint products 2010 145,119
2009 134,263
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325510B111 Paint and varnish removers 2010 (D)

2009 5,075

325510B121 Thinners for lacquers and other solvent based paint products 2010 (D)
2009 30,249

325510B131 Pigment dispersions 2010 (D)
2009 25,877

325510B141 Other miscellaneous allied paint products, including brush 2010 83,708
cleaners, ink vehicles, putty and glazing compounds, etc. 2009 73,062

Emission Factor
Use theemission factors for architectural surface coatings (EPA, 1993A), that are shown
in Table 52 of the EIIP document and reproduced below:

Coating Type VOC Content
Lbs / gallon

Waterbased 0.74

Solventbased 3.87

Total 4.61

This activity occurs 7 days a week and is usually more common in the summer months as
indicated by a seasonal adjustment factor of 1.3 (see Tablei®Brocedures)it should
be noted that 99% of solvents in these coatings are VOC.

Point Source
Adjustments

Because the application of architectural surface coating is defined as an area source, there is no
need to subtract point source emissions from the total, and all emissions estimated for this source
are area source emissions.

Adjustment for
Controls

EPA surface coating regulation provides a 20% reduction for phase | of the AIM rule and 31%
reduction for phase ll; this createsantrol efficiency 0#44.8%.
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not alable for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate emissions from architectural surface coatings is:

Equation to calulate solvenbased emissions is:

EM asci sB POR X UFasc-se X EFsg X[(1T (CEasc X REasc X RPasc)]

= 2000
Where:
EMasci se= VOC emissions in tons per day from solweased architectural surface coatings
POR = 2011population of county i
UFasci se= Usage factor for solveriiased architectural surface coatings
EFss = VOC emission factor for solveittased architectural surface coatings
CEasc = Control efficiency? for architectural surface coatings
REasc = Rule effectivenegs for architectural surface coatings
RPasc = Rule penetration for architectural surface coatings

Equation to calculate watbiased emissions is:

EM asci POR X UFasc-we X EFws X [(17 (CEasc X REasc X RPasc)]
wB = 2000
Where:

EM asci we = VOC emissions in tons per day from wabased architectural surface coatings
POR = 2011 population of county i

2An overall 44.8% reduction in emissions is due to EPA
ZEPAOGS AI M regulation is a federal rule applying to ar
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UF asci we = Usage factor for watdsased architectural surface coatings

EFwe =  VOC emission factor for watdrased architectural surface coatings
CEasc= Control efficiency for architectural surface coatings

RE asc = Rule effectiveness for architectural surface coatings

RPasc= Rule penetration for architectural surface coatings

2011 Example Calculation Architectural Surface Coating (Allegany County)

SolventBased
Poallegany = 74692 persons
UFasci se= 0.3657 gal/capita

EFss = 3.87 Ibsvoc/gallyear
CEasc= 44.8%
RE asc = 100%
RPasc = 100%

EM asci se = ((74,692 x 0.3657 x 3.87) x [1(0.448 x 1.00 x 1.00)]) / 2000
EM asci se= 29.18 tonsoc per year

WaterBased
PORulegany = 74692 persons
UFasci ws = 1.6386gal/capita

ERwve = 0.74 Ibsvoc/gallyear
CEasc= 44.8%

RE asc = 100%

RPasc= 100%

EM asci we = ((74,692 x 1.6386 x 0.74) x j1(0.448 x 1.00 x 1.00)]) / 2000
EM asci we = 25.00 tonsoc per year
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4.1.2.4 Auto Refinishing
SCC: 24 01 005 000

Description

Automobile refinishing is the repainting of worn or damaged automobiles, light trucks and other
vehicles. Coating of new cars is not included in this category but falls under industrial coating.
In automobile refinishing, lacquers and enamels are usapiifed with hanébperated spray

guns. Because the vehicles contain seasitive plastics and rubber, the coatings are dried or
cured in lowtemperature ovens or at ambient conditions. MDE adopted a regulation based upon
federal guidance that requirg® use of reformulated coatings and equipment with greater
transfer efficiency in the application of coatings.

Pollutants
VOC

Method and
Data Sources

MDE staff used an alternative per employee emission estimation methodology documented in
EIlIPY, Chapter 13, Auto Body Refinishing, dated January 2000. The document provides an
outline for developing a per employee emission factor using a national VO€Siamestimate

and national employment data.

Activity

MDE calculated an emission factor of 592.6774 Ibs. VOC per employee per year using an
estimate of 151.9 million pounds of solvents sold nationally in 2007 and dividing it by
2007 County Business Patteremployment number of 256,331 for NAICS 81112:
Automotive Body, Paint, Interior and Glass Repair. The amount of solvent sold was
provided by the EPA in conjunction with The Freedonia Group and ERTAC.

EPA had a federal rule already in effect allowingj7&s reduction of emission for auto
body refinishing in 2011. Maryland has an auto body regulation this is more stringent than
the national rule, which allowed MDE to take an additional 8% reduction.

The autobody refinishing category does not incluel® nar coating.

Point Source
Adjustments

Emission Factor:
592.6774 lbof VOC per employee per year

! Emission Inventory Improvement Program
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No autobody refinishing emissions from facilities identified as point sources were subtracted
from the area source.

Autobody refinishing emissions frofacilities identified as point sources were subtracted from
the area source inventory to avoid double counting.

Adjustment for
Controls

An EPA memo on auto body refinishing allows a 37% reduction for the federa\kale. y | and 6 s
auto body regulation allowed MDE to take an additional 8% reduction.

Spatial and
Temporal
Allocations
Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was aplied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate emissions from automobile refinishing is:

EMP; x EFar X [ 1- (RE x RP x CE)]

Ear = 2000 - EPpoint Source AR
Where:
Ear = VOC emissions in tons per year from auto refinishing
EMP; = Number of employees in county j flAICS 81112 1(autorefinishing) from

County Business Patterns
VOC emission factor for auto refinishing
Point source emissions from auto body refinishing

EFar
E Point Source AR

Divided by 2000 Ibs. to convert to tons
2011 Example Calculation Autefinishing (Baltimore County)

_  678x592.6774 x F1(1.0 x 1.0 x .08)] i
Ear = 5000 0.00
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Ear =184.84 Tonsoc/ year

4.1.2.5 Traffic Markings
SCC: 24 01 008 0080 Traffic paints

Description

Traffic paints are used to mark pavement, the majority of which is used to create dividing lines
for traffic lanes. These markings are applied by state or local highway maintenance crews or by
contractors. VOC emissions result from the evaporation @nacgolvents during and shortly

after the application of the marking paint. All traffic paint emissions are included in the area
source inventory.

Pollutants
VOC

Method and
Data Sources

MDE surveyed city, county, and state agencies for gallons of ps@at and the VOC content of
the paint used.

Activity

The Maryland State Highway Administration (SHA) keeps data on gallons of traffic

marking paint used bgistrict and a few individuatounies For emissions from SHA line
painting, eaach iconurmtfy dsheprtoog al di strictods |
gallons painted in a district to get an estimated amount of gallons used for each county. In

a few counties, SHA does all the line painting. Also, data was collected from the

Maryland Avidion Administration (MAA) and the Mass Transit Administration (MTA).

MDE was able to gather information on gallons of traffic paint used during the ozone

season and during a year. The Material Safety Data Sheets and Environmental Data Sheets
were colleced for each paint and solvent used by each local jurisdiction and State agency
doing the striping. It was necessary to collect data on yellow and white paint separately
because the amount of VOCs per gallon is different for each type of paint.

The emissin totals are slightly lower than in previous inventories because many
jurisdictions have switched to latex (watsarne) paints for traffic marking, and those

areas already using latex paints have switched to using a latex paint that is lower in VOC
content than what was previously used. The widespread use of latex paints means that
there are no longer any emissions from the solvents used to clean painting equipment when
oil based paints are used.
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The following information was collected from all public agencies using traffic marking
paint in Maryland:

Gallons of yellow traffigpaint and solvent used in 2011
Gallons of white traffigaint and solvent used in 2011

The MSDS and Environmental Data 8tseper type of paint provided the following
information:

Percent volatile by weight

Percent water by weight

Percent volatile organic compounds by weight
Total VOC (Ibs./gal)

VOC/gallon less water

= =4 =4 -8 -

Emission Factor

VOC Emission Factor
(Ibs. voc/gallons)

Yellow Paint 0.36t00.78

White Paint 0.11t0 0.78

Traffic Paints

The VOC pound per gallon of paint was obtain from the Material Safety Data Sheet (MSDS) for
each color and brand of paint used. The appropriate factor was usedtioralculation and the
table above shows the range for each color.

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustment for
Controls

MDE surveyed the various state agencies that apply coatings to roagsanf@ctransportation
projects. MDE collected data on the gallons of paint applied and the VOC content of the paint.
MDE made emission estimates based on this data and therefore no controls are available for this
source category.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |79



Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

Traffic Paint Sampl€alculation (Harford County)

(1) Calculate VOC emissions from yellow and white traffic paints for year 2011

a. State Highway Administration (SHA) Traffic Paint Use

Total yellow gallons used in 2011 = 13,107 gallons

Total VOC per gallon of yellow paintsed® = 0.57 Ibsvoc /gallon
Total white gallons used 2011 = 17,374 gallons

Total VOC per gallon of white paint uséd = 0.57 Ibsvoc /gallon

E o (13,107 gallons) x (0.57 lbgoc /gallon)
vellow Paint= (2,000 Ibs./ton)

E vellow Paint= 3.735tons / year

(17,374 gallons) x (0.57 Ibgoc /gallon)

E white Paint= (2,000 Ibs./ton)
E white Paint=  4.952 tons / year
E Local Paint TotaF E Yellow Paint E White Paint

E Local Paint Totam 3.735 + 4.952

E Local Paint Totam 8.687tons / year

b. Maryland Aviation Administration (MAA) Traffic Paint Use

25MSDS from Caroline County's Departmef Public Works, Division of Highways
26 MSDS from Caroline County's Department of Public Works, Division of Highways
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The MAA did not apply any paint iHarford County.
Maryland Transportation Administration (MTA) Traffic Paint Use

1o

The MTA did not apply any paint iHarford County.
Local Jurisdiction Traffic Paint Uddarford County

(=

Total yellow gallons used in 2011 = 4,320 gallons

Total VOC per gallon of yellow paint us€e 0.78 Ibsyoc /gallon

Total white gallons used 2@ = 1,149 gallons

Total VOC per gallon of white paint us€d= 0.78 Ibsvoc /gallon
(4,320 gallons) x (0.78 lbsoc /gallon)

E velow paint = (2,000 Ibs./ton)

E vellow Paint= 1,685 tons / year

E white paint= (1,149 gallons) x (0.78 lbsoc /gallon)
(2,000 Ibs./ton)

E white Paint=  0.448 tons / year

E Local Paint Totam E vellow Paint+ E white Paint

E Local Paint Totam 1.685 + 0.448

E Local Paint Totam 2.133 tons / year

(2) VOC emissions fronpaint cleaning solvent useanezero. None of the above listed agencies
used cleaning solvents

(3) Total VOC emissions from traffic paint use and paint cleaning solvent use :

E Paint Total— E SHA Paint Totalt E MAA Paint Total + E MTA Paint Totalt E Local Paint Totart E Paint Solvent
E paint Total= 8,687+ 0.0 + 0.0 #2.133+ 0.0
E paint Total= 10,820tons / year

Yellow Total =3.735 +1.685 = 542 tons / year
White Total = 4.952 + 0.448 = 5.40 tons / year

2T MSDS from Caroline County's Department of Public Works, Division of Highways
28 MSDS from Caroline County's Department of Public WoBksjsion of Highways
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4.1.2.6 Industrial Surface Coating

SCC: 24 01 015 000 (Finish Wood Product Manufacturing)
24 01 020 000 (Wood Furniture and Fixtures)
24 01 025 000 (Metal Furniture and Fixtures)
24 01 030 000 (Paper, Film, and Foil)
24 01 0400 (Metal Cans)
24 01 060 000 (Household Appliances Manufacturing)
24 01 065 000 (Electronic and Other Electrical)
24 01070 000 (Motor Vehicles)
24 01 075 000 (Aircraft)
24 01 080 000 (Marine)
24 01 085 000 (Railroads)
24 01 090 000 (Miscellaneous Manufacturing)
24 01 100 000 (Industrial Maintenance Coatings)
24 01 200 000(Other Coatings)

Description

Industrial surface coatings are applied during the manufacture of a wide variety of products,
including furnture, cans, automobiles, other transportation equipment, machinery, appliances,
metal coil, flat wood, wire and other miscellaneous products. In addition, coatings are used in
maintenance operations at industrial facilities but these are considerecpavess

Pollutants
VOC and HAPs

Method and
Data Sources

MDE used the methods and procedures documentedR?’, Chapter 8, Industrial Surface
Coatings, dated September 1997. Applicable point source emissions (those within the same
NAICS) taken fronthe MDE/ARA registration files have been subtracted from the emissions
calculated on a per capita and per employee jastare presented below.

Activity

The choice between using per capita factors or per employee factors for categories where
made basd on the quality of data. County Business Patterns (internet address:
http://censtats.census.gov/din/cbpnaic/cbpsel.plists employee data by North

American Industry ClassificatioBystem (NAICS). Many values are based on actual data.
However, some county NAICS list a range for the number of employees through a letter
code. In this case the arithmetic average number of employees per letter code per county
was adjusted so that ttate total employment in a NAICS matched the sum of the

number of employees reported per county. For those categories where all or most of the
employment data was listed as a range, the per capita factor was assumed to be more
reliable and was used tolcalate emissions. The U.S. Census Bureau reports population

29 Emission Inventory Improvement Program
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statistics for the counties of Maryland. Population statistics for 2011 for the counties of
Maryland were collected from the U.S. Census Bureau Internet address
(http://www.census.ggv

Because the emission factors were developed based on NAICS employment data and 2010
was the last year employment data was available per NAICS, MDE used the 2010 County
Business Patterns as the sourcesfaployment figures.

Emission Factor

Per employee factors were used for the industry surrogate employment SIC and NAICS
because they are generally more reliable BseeeduresTable 410.1), and a comparison

with per capita emissions in one county skdwhat for these SICs, the per capita factors

led to a large overestimation of emissions. Per capita factors were used for the industry
surrogate population SIC and NAICS because they prove to be more reliable for emission
calculations than the per empéwy/factor.

Industry SCC NAICS Surrogate
Finish Wood Product Manufacturind 2401015000 321 Employment
Wood Furniture and Fixtures 2401020000 337110, 337121, 337122, 337127, Employmenﬂ
337129, 33721837212, 337215
339111
Metal Furniture andFixtures 2401025000 337124, 337127, 337214, 337215,| Employment
339111
Paper, Film, and Foll 2401030000 322222 Employmenq
Metal Cans 2401040000 33243 Employmemﬂ
Household Appliances 2401060000 3352 Employmentﬂ
Manufacturing
Electronic and OtheElectrical 2401065000 331319, 31422, 331491, 35921, 3359 Employment”
Motor Vehicles 2401070000 3361, 3362, 3363 Employmenlﬂ
Aircraft 2401075000 3364 Employmemﬂ
Marine 2401080000 3366, 488390 Employment]
Railroads 2401085000 3365 Employmenlﬂ
Miscellaneous Manufacturing 2401090000 339, 3369 Employmenﬂ
Industrial Maintenance Coatings 2401100000 NAa Population
Other Coatings 2401200000 NAa Population

Furthermore, NAICS used were the best correspond to SIC for each source category so
that emission factors that were generated from EIIP SIC data could be used. EPA
provided the correlation between NAICS and SRer employmengmission factors are
listedin Table 8.51 in the EIIP Industrial Surface Coating document and below. As an
example, MDE has choséinish wood product manufacturirfigr presentation of an
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equation and emissions by county. The EIIP document lists no seasonal adjustment

factor.

Industrial Maintenance Coatings(NAICS) andOther Coatings (NAICS), per capita
emission factors are listed in Table-& the EIIP Industrial Surface Coating document

and below.
Per Employment VOC Per Capita
Industry Emission Factor VOC Emission Factor
(Ibs. voc/employeelyear) (Ibs. voc/person/year)
Finish WoodProduct Manufacturing 43 NA
Wood Furniture and Fixtures 244 NA
Metal Furniture and Fixtures 772 NA
Paper, Film, and Foil 735 NA
Metal Cans 2,326 NA
Household Appliances 254 NA
Manufacturing
Electronic and Other Electrical 24.7 NA
Motor Vehicles 164 NA
Aircraft 15 NA
Marine 198 NA
Railroads 222 NA
Miscellaneous Manufacturing 136 NA
Industrial Maintenance Coatings NA 0.8
Other Coatings NA 0.8

Point Source
Adjustments

Applicable point source emissions (those within the SEAKCS) taken from the MDEBRA
registration files have been subtracted from the calculated emissions, and their emissions are
separated from the totals presented below.

Adjustment for
Controls

MDE surveyed the various state agencies that apply coatingad surfaces and transportation
projects. MDE collected data on the gallons of paint applied and the VOC content of the paint.
MDE made emission estimates based on this data and therefore no controls are available for this
source category.
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation
Equation:

E _ EMPL; X EFrw

T 2000

Where:
Erw = VOC emissions in tons per year frdimish wood product manufacturing.
EMPLi = employees in county i employed in NAICS 321.
EFFw = VOC emission factor for finished wood which is 43 Nas: per employee per year

2011 Example Calculatiomdustrial Surface CoatinigFinish Wood Product Manufacturing
(Baltimore County)

Number of employees in NAIC®1in Baltimore County
(2010 County Business Pattern 52
Emission factor forihish wood product manufacturirftbs. VOC/employee/year): 4%3

5 days per week activity level, no seasonal adjustment factor

52x 43
E Fw(Battimore co)= ( 2C))(OO :

E Fw(Baltimore co)= 1.12 tons/oc per year

30Table 8.51, EIIP Chapter 8 Industrial Surface Coatings
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4.1.2.7 Industrial Adhesives andSealants
SCC: 2440020000

Description

Industrial adhesives are the application of a liquid or powder substance, such as solvent type
paints, varnishes, and lacquers to a surface for decorative or protective purposes. The substances
can be applied by brusfhgnrolling, spraying, dipping or flow coating. VOCs are released into

the air as the substance dries. Powder coatings are applied to a hot surface and then melted;
VOCs are released as the powder melts and dries.

Pollutants
VOC and HAPs

Method and
Data Saurces

MDE staff used EPAO6s ASolvent Mass Balanceo m
nonpoint solvents, which uses the total solvent production and sales for a particular source

category to estimate overall emissions then subtractingroigisions due to point sources, waste
management, and recycling.

Activity

Per capita activity data was used and downloaded from the US Census Bureau (internet
addresshttp://www.census.ggwWuly 1, 2011 population statistic estimates for the counties
of Maryland.

Emission Factor

MDE used the emission factor of 1.10 Ibs/capita/year developed by Determination of
Reasonably Available Control Technology and Best Available Retrofit Control Technology
for Adhesives and Sealants, California Air Resources Board document for adhesives and
sealats(CARB RACT/BARCT for Adhesives/ Sealants, Dec 1598)

CARB RACT/BARCT estimated emission factor calculation for adhesives/sealants is as
following:

VOC = 45 tons/day estimated in 1994 * 365 days/year * 2000 |bs/ton / 29,760,021 capita
where 45 tons/day is the estimated staitde emissions for industrial adhesives in
California, 2000 Ibs/ton is a conversion factor, and 29,760,021 capita is the j28atjoo

of California.

VOC Emf = 1.10 Ibs/capita/year of industrial adhesives

312011 estimated population from U.S. Bureau of the Census, Population Estimation Branch (see Appendices).
32 Emission factors eredevebped by CARB RACT/BARCT for Adhesives/ Sealants, Dec 1998.
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Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustment for
Controls

Maryland has adopted an industrial adhesive and coatingsitieg COMAR 26.11.19.15).

The regulation is similar to the one proposed by the Ozone Transport Commission (OTC) and
achieves VOC reductions through two basic components: sale and manufacture restrictions that
limit the VOC content of specified adhesiyssalants and primers sold in the state; and use
restrictions that apply primarily to commercial/industrial applications.

A reasonably available control technology determination (CARB RACT/BARCT for Adhesives/
Sealants, Dec 1998) prepared by the California Air Resources Board (CARB) in 1998 forms the
basis of this model rule. In the years 12981, the provisions of the CARdetermination were
adopted in regulatory form in various air pollution control districts in California including the
Bay Area, Ventura County, Sacramento Metropolitan and San Joaquin Valley.

CARB and OTC estimate a 64.4 percent reduction in emisBimmsthe source category
regulation that was fully implemented in Maryland in 2009.

Spatial and
Temporal
Allocations
Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a

daily estimate.

Emissions

Calculation
Equation:

Eoc = POES(OEFOC [17 (CE x RE x RP)]
Where:

Eoc = VOC emissions in tons per year frondustrial adhesives
POR = 2011 population of county i (Appendix A Section 1).
EFoc = VOC emission factor foindustrial adhesives

CE = Control Efficiency

RE = Rule Effectiveness
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RP = Rule Penetration

To adjust for control efficienc®@ TC-PECHAN Control Measure Report
2011 base year where:

CE=0.644, RE=RP = 1.

Then new emission control efficiency for 2011 is7 [(0.644 x 1 x 1)] =1

2011 Per Capital Sample Calculatifor industrial adhesiveisd Montgomery County:

2011 U.S. Census Bureau Population Estimate for Montgomery
County.
Emission factor fomdustrial adhesive@bs. VOC/person/year): 1.30

989,7943

5 days per week activity level, no seasawdjustment factor

Equation:
Eoc = POESO(E)FOC x  [L7 (CE x RE x RP)]

2011 Per Capital Sample Calculation ifmdustrial adhesiveid Montgomery County:

989,794x 1.10 Ibs. VOC/capitalyear x [1(0.644 x 1.0 x 1.0)] = 387,603 Ibg:c per person

Converting to tons per year: 387,608000 Ibs. per year = 193.80 topg: per year.

332011 estimated population from U.S. Bureau of the Census, Population Estimation Branch (see Appendices).
34 Emission Inventory Improvement Program Vidl, Ch. 6, September 1997.
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4.1.2.8 Graphic Arts
SCC: 24 25 000 000 (Screen Rlateless)
24 25 010 000 (Offset Lithography)
24 25 020 000 (Letterpress)
24 25 030 000 (Rotogravure)
24 25 040 000 (Flexography)

Description

Graphic arts include operations that are involved in the printing of newspapers, magazines,
books and other printed materials. There are six basic operations used in graphic arts:
lithography, gravure, letterpress, flexography, screen printing and deetalating (plateless).

In our calculations screen and plateless printing were paired together and make up a combined
6% market share of all printing. Lithography accounts for nearly half of all graphic arts
operations.

Pollutants
VOC

Method and
Data Souces

MDE staff used an alternative per capita emission estimation method documeBi&t,in

Chapter 7, Graphic Arts, dated November 1996. The EIIP methodology recommended an
emission factor of 1.3 Ibsoc per capita per year emission factor (EPA, 981 graphic arts
sources emitting less than 100 tons VOC per year. Yearly activity was used with no seasonal
adjustment factor as recommended in Tablel58Procedures All point source graphic arts
facilities (NAICS 11531) in th&RA registration iles for 2011 emissions where subtracted from
the area source inventory.

Activity

The estimated percentage of market share, reported in Tat8eo7tRe EIIP document

and reproduced below, was used to allocate the total graphic arts emissions to specific
printing types. Maryland has different regulations regarding specific typesohgr
operations and thus to calculate controlled emissions the estimated percentage that each
type of printing operation contributes to the total had to be determined.

Estimated Percentage of

Type of Printing (MStype) Product Market Share

Rotogravue 18
Flexography 18
Offset Lithography 47

4 Emission Inventory Improvement Program
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Letterpress

Screen

Plateless

Emission Factor

1.3 Ibs.voc per capita per year

w({w|oo

Point Source
Adjustments

Graphic arts emissions from facilities identified as point sources were subtracted flem@athe
source inventory to avoid double counting.

Adjustment for
Controls

Control efficiency is based on Maryland regulations for each type of printing process and has
been developed within technical support documents for the graphic arts printing regulatio
Rule penetration has been defined as the estimated percentage that each type of printing
operation. Rule effectiveness has been assigned the EPA default value of 80 per cent.

Lithographic Rotogravure Letterpress Flexographic Screen

Rule Effectiveness (R 0.800 0.800 0.800 0.800 0.800

Rule Penetration (RI  1.000 1.000 1.000 1.000 1.000

Control Efficiency (CE ~ 0.750 0.630 0.000 0.540 0.350

Reduction factor (RE x RP x C 0.600 0.504 0.000 0.432 0.280
Spatial and

Temporal
Allocations
Spatial

Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used &stimate emissions from graphic arts is:
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Equation:

MStypeX POF? X EFGA

Eca = 5000 X (1- RFga)
Where:
Eca = VOC emissions in tons per year from graphic arts
MSype = Market share percent of the type of printing
POR = 2011 population of county i (Appendix A)
EFea = VOC emission factor for graphic arts (1°8s.voc per person per year)
RFea = Reduction Factor for Printing
RFL = Reduction Factor for Lithgraphic Printing
RFLp = Reduction Factor for Letterpress Printing
RFr = Reduction Factor for Rotogravure Printing
RFr = Reduction Factor for Flexographic Printing
RFs = Reduction Factor for Screen & Plateless Printing

2011 Example Calculation Grhic Arts (Anne Arundel County)

Ecal = 0.47x 544,40 1.3  x (1i 0.600)
2000

Ecap = 0.08544,403x 1.3 x (17 0.0)
2000

Ecar = 0.18x 544,403 1.3  x (1i 0.504)
2000

Ecar = 0.18x 544,40 1.3  x (1i 0.432)
2000

Ecas =  0.06x544,403 x1.3 x (17 0.280)
2000

E casum (EeaL + Ecap + Ecar + Ecar + Ecas)

Ecasum = (66.53 +28.31 + 31.59 + 36.18 + 15.29)

35 Emission factor from EIIP Chapter 7 Graphic Arts

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |91



Ecasum = 177.89 tonsoc per person Totals may beslightly different due to rounding
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4.1.2.9 Asphalt Paving and Roofing

SCC: 2461 022 000 Emulsified
24 61 020 000 Misc. Application (Road Oil)
24 61 021 000 Cutback
24 61 023 000 Roofing

Description

The two types of asphalt paving used for road paving and repair are cutback asphalt and
emulsified asphalt. Cutback asphalt is a liquefied road surface prepared by blending (or "cutting
back") asphalt cement with different petroleum distillates or (rdayl orhe second type,

emulsified asphalt, is also a liquefied road surface, but is prepared with a water/soap mixture
instead of petroleum distillates. Cutback asphalt emits more VOCs, and its use has been limited
in Maryland to the notwzone period oApril 15 to October 15. Asphalt like tar is also used for
roofing similar to rubberizing.

Pollutants
VOC

Method and
Data Sources

MDE calculated emissions for this cgtey by using a combination &édctors from the

Sacramento Metropolitan AQuality Management District (SMAQMD)1991 Survey, the
California Air ResowR dtesdimaidthat 830% of allnasphak sédins AP
Maryland is for paving, and the remaining 20% is for roofing.

Activity

Total barrels of asphalt usedMaryland was obtained from the Energy Information
Administration (EIA) and separated to county level. Maryland used 3,322,000 barrels of
asphalt in 2010. Also, 2011 population statistics for the counties of Maryland were
collected from th&€ensus Burealnternet address{tp://www.census.ggv

Emission Factors:

Asphalt Related
Material VOC Emission Factors EF Units
Emulsified 17.9 Ibs/ton
Road Oils 70.4 Ibs/ton
Cutback 268.3 Ibs/ton
Asphalt Roofing 6.2 Ibs/ton
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Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustment for
Controls

State of Maryland Department of Environment regulations (COMAR 26.11.11.02B), prohibit use
of cutback asphalt paving from April 18 October 15 so ozone precursor emissions from

cutback asphalt application were not calculated. Cutback asphalt is made by blending asphalt
cement with petroleum distillates that evaporate when the road surface is "cured" after
application. Cutback waswgn a control efficiency of 100 %, rule effectiveness of 80%, and rule
penetration of 100%. All other asphalts had no controls applied. Emulsified asphalt is asphalt
cement mixed with a blend of water and an emulsifier, usually soap.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

Emission estimates were calculated by converting total barrels used to tons of asphalt,
multiplying it by appropriate emission faec, and then proportioning them by population to the
county level. There is 350 llnd asphalt in each barrel. Out of all asphalt used in the state,
approximately 80% is used for paving and 20% is used for roofing. Paving asphalt usage is
further separated below:

Paving Asphalt Percent Tons of Paving Asphalt

Paving Hot-mix: 92% Hot-mix: 427,874
Paving Emulsified: 5% Emulsified: 23,254
Paving Road Oils: 2% Road Qils: 9,302

Paving Cutback 1% Cutback 4,651

Roofing of state total 20% Roofing 116,270

Hot-mix emissions were calculated fadlities and reported with point source inventory.
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The equation used to estimate emissions from asphalt paving is:

En = CLATypeX EFTvpe X (l'l' (REX RPx CE))
2000
Where:
EA = VOC emissions tons
CLATpe = Estimated amount afsphalt type used (tons)

EFmype= emission factor for type of asphalt in lhsc per ton of asphalt per yr
RE = Rule Effectiveness

RP = RulePenetration

CE = Controlefficiency

2011 Emulsified Asphalt Sample Calculations: Anne Arundel County

Ea = CLAType X EFType X (17 (1x1x0))
2000
E Ann Arundel = 2172x17.9 X (17 (1x1x0))
2000

E Ann Arundel = 19.44tonsvoc

Below is an alternate calculation method and check, by estimating emission for the state and
ratioing out Anne Arundel County by county population.

E MpeEm Totai= 23,254tons of asphafbr all of Maryland.
Total Maryland Population for 2011 was328,28 people.

Anne Arundel County population for 2011 was 544,403.
Usage ratio for Anne Arundel County is USEa = (544,49828,289 = 0.0934

E MpEmulsified= 23254x17.9 X (17 (1x1x0))
2000

E MpeEmuisiied= 208.12 tonSoc Maryland
E Ann Arundel = (208 12X 0.0934)t0nSVOC
E ann Arundel = 19.44tonsvoc

(Similar calculation can be done for each asphalt type for each county)
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4.1.2.10Synthetic Organic Chemical Storage Tanks

This category is fully represented in the point source inventory.

4.1.2.11Pesticide Application
SCC: 2461 800 000

Description

Pesticides are substances or mixtures used to control plant and animal life for the purposes of:
agriculturalproduction, public health from pekbrne disease, reducing property damage due to
pests, and improving the aesthetic quality of outdoor and indoor surroundings. Agriculture,
homeowners, industry, and government agencies use pesticides. The largest pestjgdes

by weight is in agriculture. Agricultural pesticides control weeds, insects, mites, fungi,
nematodes, and other threats to the yield, quality, or safety of food production.

Emissions arise from pesticide use because of the volatile natmang ingredients, solvents,

or other additives used in the formulations. Many pesticide formulations use solvents as carriers
for more active organic or inorganic ingredients. In pesticide formulations, the organic or
inorganic solute is the "activegredient” (Al), while the solvent carrier is the "inert carrier.”

Thus, the terms "active" and "inert" in pesticide formulations refer to toxicological action, and

are not indicators of photochemical activity. Both the active and inert ingredientsén the
formulations evaporate and contribute to VOC emissions.

Pollutants
VOC and HAPs

Method and
Data Source:

Activity data for 2011 was not available and the Pesticide Regulation Section of the
Maryland Department of Agriculture reported that the amount of pesticide usage for the
state did not change from 2004. The emissions for this category have remainegt consta
and are the same as our last report; for these reasons the following estimation description
is the same as previous.

Maryland Agricultural Statistics service in cooperation with the Pesticide Regulation

Section of the Maryland Department of Agrieukt compiled information for Maryland's

2000 pesticide statistics document. The docuniatyland Pesticide Statistics for

2000 reported pesticide usage in pounds used in a year by active ingredient for each
Maryland County. Along with the pounds of applied, the document also listed the

form of many pesticides and the formulation of some selected pesticides. From this,

MDE used the EIIlI P&s emissi orPesiclesent ory ref
Agricultural and NonagriculturaDecember 1997, Seati 9.2.2 to generate the VOC
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emissions for the active ingredient and inert carrier of the pesticide. This required
assumptions and other references to collect the best information used in the calculations.
Emission estimation for 2011 was adapted from2&@raged pounds of pesticide per

acre.

The EPA method for estimating pesticide emissions ase¢<step procedure as follows:

. Determine both the application method and the quantity of pesticide product applied.
. Determine the type of formulatiarsed.

. Determine the specific Al(s) in the formulation and their vapor pressure(s).

. Determine the percentage of the Al (or each Al) present.

. Determine the VOC content of the formulation.

. Calculate the emissions.

OO WNBE

MDE slightly deviated from this method, since information was presented to MDE in pounds of
active ingredient. With the active ingredient, the vapor pressure and general application method
(surface application or soil incorporation) was determined frenEfPA's AP42 document or

The SCS/ARS/CES Pesticide Properties Database For Environmental Détadiog, by R. D.
Wauchope, et al. Then the form (i.e. steble powder, emulsified concentrate, granule, etc.) of

the most likely pesticide was determinednfi a list in theMaryland Pesticide Statistics for 2000
Also, the statistics listed some formulations, for example 80% inert, 20% Al. Most of the
formulations were assumptions based on the information provided with the form of the pesticide
in theMaryland Pesticide Statistics for 2000

The table below lists the EIIP emissions factors taken &2 (Table 9.2.24) used to
calculate this category.

Uncontrolled Emission Factors for Pesticide Active Ingredients

Vapor Pressure Range EmissionFactor

(mm Hg at 20 to 25 C) kg/Mg Ibs./ton

Surface Application
1x10*to1x10° 350 700
>1x10* 580 1160

Soil Incorporation

<1x10° 2.7 5.4
1x10%to 1 x 1¢° 21 42
>1x10* 52 104
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Equations:

E pest= VOC Emissions from Active Ingdient (Al) +  VOC Emissions from the Inert Ingredients (Inert).

VOC Emissions Active Ingredients (Al) (Ibsal / year) x (Ibsvoc/ Ib ar)

VOC Emissions Inert Ingredients [(Ibs ai / year) ! % Al] x % Inert Ingredients X % VQW{ERT INGREDIENTS

(Ibs Allyear) x EFy in Ibs VOC/ton Al (Ibs Allyear) )
E pest= + X (% Inert) x (% VOC in Inert)
2000 Ibs. Per ton (1- % Inert)

. L AnnualEmissions _
Daily Emissions = X  Seasonal Adjustment Factor
312 days / year

where:

Al = Active Ingredient (Ibs.yr)

EF a1 = Emission Factorlfs. VOC / ton Al)

% inert = percentage of formulation that contains the Inert Carrier

% VOC in the inert = percentage\WOCs in the Inert Carrier portion of the pesticide
SAF = seasonal adjustment factor of 1.3 to adjust for the summer ozone season

MDE assumed six working days per week and 100% volatilization of the VOC portion of the
inert carrier.

Sample Ckulations:

The following information was compiled frofthe Maryland Pesticide Statistics for 2041
The SCS/ARS/CES Pesticide Properties Database for Environmental Dédegiony:
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Table 3-26
Allegany County Pesticide Information

VOC

V. Press Formulation Formula % VOC EF Alleg. Alleg.

Pesticide mm Hg  Application Type (% Inert) Inert l?ts)évpc\)lc/ Ibs of ALl Lbs/yr
2,4D 8E-06 foliar spray Gas 0.8 0.29 0.35 2,058 3107.58
Acephate 1.7E06 crop spray Gas 0.8 0.29 0.35 62 93.62(
Alachlor 1.4E05 soil spray Gas 0.15 0.29 0.35 19 7.627
Amitrole 44007  foliar spray Gas 0.784 0.29 0.35 6 8.416
Atrazine 2.89E07  soil surface Wp 0.8 0.25 0.35 478 645.30
Azinphos-Methyl 2E-07 crop spray ec 0.35 0.56 0.35 33 21.501
Azoxystrobin crop spray gas 0.77 0.29 0.35 1 1.321
Bacillus thuringiensis neg crop spray gr 0.96 0.25 0.35 107 679.45
Benomyl 1E-10 crop spray wp 0.8 0.25 0.35 9 12.15(
Bifenthrin 1.8E07 crop spray gas 0.1 0.29 0.35 2 0.764
Boric Acid 0.0001 spray wp 0.1 0.25 0.35 4 1.511
Captan 8E-08 crop spray gas 0.5 0.29 0.35 727 465.28
Carbaryl 1.2E06 crop spray gas 0.5 0.29 0.35 93 59.52(
Carbofuran 6E-07 foliar spray fog 0.56 0.39 0.35 1 0.84¢
Chloroneb 0.003 spray wp 0.35 0.25 0.58 17 12.144
Chlorothalonil 1E-03 crop spray gas 0.8 0.29 0.58 368 640.32
Chlorpyrifos 1.7E05 soil gas 0.15 0.29 0.021 36 2.59¢

incorporation
Clomazone 1.4E04 soil ec 0.3 0.56 0.052 3 0.87¢6
incorporation

Clopyralid 0 foliar spray gas 0.8 0.29 0.35 1 1.51(
Cyanazine 1.6E09 crop spray dust 0.8 0.21 0.35 31 36.89(
Cyfluthrin 1.6E08 crop spray wp 0.3 0.25 0.35 153 69.943
Cypermethrin 1.4E09 crop spray wp 0.3 0.25 0.35 5 2.286
Diazinon 6E-05 crop spray pellet 0.143 0.27 0.35 21 8.29¢
Dicamba 0 spray gas 0.8 0.29 0.35 126 190.26
Dichlobenil 1E-03 crop spray wp 0.8 0.25 0.58 3 4.74(
Dicofol 4E-07 crop spray wp 0.3 0.25 0.35 25 11.42¢
Diflubenzuron 9E-10 crop spray wp 0.25 0.25 0.35 80 34.66]
Dimethenamid >1.0 soil spray gas 0.468 0.29 0.35 5 3.02¢
Diuron 6.9E08 soil surface wp 0.8 0.25 0.35 310 418.50
Endosulfan 1.707 crop spray gas 0.5 0.29 0.35 2 1.28(
Esfenvalerate 1.1E08 crop spray dust 0.3 0.21 0.35 7 3.08(
Fenarimol 2.2E07 crop spray wp 0.3 0.25 0.35 1 0.457
Flumetsulam ND spray aq 0.18 0.21 0.35 12 4.753
Fluvalinate 1E-07 crop spray rtu 0.8 0.2 0.35 69 79.35(
Fosamine Ammonium  4E-06 foliar spray aq 0.8 0.21 0.35 8 9.52(
Glyphosate 0 foliar spray aq 0.8 0.21 0.35 2,610 3105.90
Hydroprene ? ? or 0.09 0.25 2 0.04¢
Imidacloprid 1.50E09 spray aq 0.786 0.21 0.35 1,426 1598.98
Iprodione 1E-07 crop spray wp 0.8 0.25 0.35 24 32.40(
Lambda-cyhalothrin 1.50E09 spray ec 0.87 0.56 0.35 8 32.787
MCPP 0 foliar spray aq 0.5 0.21 0.35 49 27.44(
Malathion 8E-06 contact spray ec 0.3 0.56 0.35 7 4.13(
Mancozeb 0 crop spray  Flaq conc 0.8 0.21 0.35 165 196.35
Maneb 0 cropspray wp 0.8 0.25 0.35 26 35.10(¢
Metalaxyl 5.62E06 soil spray wp 0.25 0.25 0.35 7 3.033
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vVOC

V. Press Formulation Formula % VOC EF Alleg. Alleg.

Pesticide mm Hg  Application Type (% Inert) Inert l?ts)évpc\)lc/ Ibs of ALl Lbs/yr

Metam-Sodium 20 soll spray aq 0.8 0.21 0.58 334 474.28
Methoprene 17.5 spray aq 0.8 0.21 0.58 26 36.92(
Methoxychlor 0 spray wp 0.25 0.35 3 1.05(
Methyl Bromide 1824 release of gas Fl aq conc 0.8 0.21 0.58 58 82.36(
Metolachlor 3.135E05  soil spray ec 0.3 0.56 0.35 488 287.92
Metribuzin 1E-05 soil surface  Fl ag conc 0.75 0.21 0.35 3 2.94(
Metsulfuron Methyl 2.5E12 foliar spray or 0.2 0.25 0.35 1 0.413
Nicosulfuron 1.20E16  grass spray gr 0.162 0.25 0.35 2 0.797
Oryzalin 1E-08 soil spray wp 0.75 0.25 0.35 77 84.70(
PCNB 1.1E04 soil spray wp 0.6 0.25 0.58 88 84.04(
Paclobutrazol 6.00E10 spray wp 0.5 0.25 0.35 13 7.80(
Paraquat 0 target spray aq 0.8 0.21 0.35 124 147.56
Pendimethalin 9.4E06 soil spray ec 0.6 0.56 0.35 1,257 1495.83
Permethrin 1.3E08 crop spray ec 0.3 0.56 0.35 9,455 5578.45
Petroleum QOils 1.0E03 spray ec 0.56 0.58 1,503 871.74
Phosmet 4 9E07 crop spray wp 0.5 0.25 0.35 26 15.60(
Picloram Neg foliar spray aq 0.8 0.21 0.35 252 299.88
Primisulfuron -methyl  1.50E05  crop spray or 0.49 0.25 0.35 2 1.18(
Propachlor 7.90E05 spray gr 0.35 0.25 0.35 2 0.964
Propoxur 9.7E06 cropspray ec 0.3 0.56 0.35 2 1.18(¢
Quizalofop-ethyl 3E-07 foliar spray ec 0.2 0.56 0.35 1 0.49(
Sethoxydim 1.6E07 foliar spray ec 0.3 0.56 0.35 1 0.59(
Simazine 2.21E08 soil spray wp 0.8 0.25 0.35 776 1047.60
Sulfentrazone spray ar 0.25 0.25 0.56 1 0.644
Sulfometuron Methyl 6E-16 soil spray gr 0.2 0.25 0.35 7 2.88¢
Sulfur 0 dust dust 0.2 0.21 0 96 5.04(
Terbacil 3.1E07 soil spray wp 0.8 0.25 0.35 4 5.40(
Thifensulfuron methyl 1.3E10 foliar spray or 0.2 0.25 0.35 1 0.413
Thiophanate-methyl 1E-07 crop spray wp 0.5 0.25 0.35 37 22.20(
Triadimefon 1.5E08 crop spray wp 0.8 0.25 0.35 7 9.45(
Trichlorfon 2E-06 crop spray sp 0.8 0.12 0.35 36 29.88(
Triclopyr 1.26E06 foliar spray ec 0.8 0.56 0.35 454 1175.86
Trifluralin 1.1E04 soil ec 0.015 0.56 0.052 3 0.187

incorporation

Vinclozolin 120.0099 spray ec 0.5 0.56 0.58 16 18.24(
Zinc Phosphide 0 powder pellet 0.8 0.27 0 1 1.08(
County Total 24529  23472.544

Emissions are calculated for egusticide active ingredient per county and then summed.

Example calculation for the emissions from Pendimethalin pesticiddarugdlegany county.

Lbs 0 Ibs.voc 1257
1257 year x Ibs. a + (106 06 X 0.56

Emis
Pendimethalin

Emis

Pendimethalin = 1495.83Ibs. voc / year
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Emis _ _
Pendimethalin — 1495.83/ 2000 = 0.7479 tonsvoc / year
Emis =0.7479%onsvoc / year
Pendimethalin )

The remaining pesticides used in Allegany County are calculated in a similar manner.

Results:

Since the EPA has released new guidance on the calculation of agricultural pesticide application,
the new methodology vastly differs from the method used 919 theMaryland Ozone

Precursor Inventory for 199@ir and Radiation Management, MDE, September 1993, pesticide
application for the state totaled 42 tons per day. This method assumed 90% volatilization of the
Al. The method also assumed the inartrier content to be 145% by weight of the Al. Another
major assumption is 100% volatilization of the inert carrier.

Since publication, the accuracy of the old pesticide methodology has been debated by different
groups. General thoughts from schokamsl private industry ithatthe old methodology over

predicts the volatility of the organics in the pesticide. The new methodology, presented here
requires many assumptions and uses data that takes account for the different vapor pressures of
individual active ingredients. This method, along with some general assumptions, estimated
pesticide emissions at 8.7 tons per day for the state. The decrease is due to the change in
method, along with a decline in pounds of pesticides applied in the state.

(While the stateamount of overalpesticide used in 2011 was similar to 2008, the amount used

in each county for 201ariedbase on the number of harvested acres in each county)
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4.1.2.12Commercial/Consumer Solvent Use

SCC: 24 60 100000 (Personal Care)
24 60 200 000 (Household)
24 60 400 000 (Automotive Aftermarket)
24 60 500 000 (Coatings and Related)
24 60 600 000 (Adhesives and Sealants)
24 60 800 000 (FIFRARegulated)
24 60 90000 (Miscellaneous Products)

Description

Certain commercial/consumer uses of products containing volatile organics cannot easily be
identified by questionnaires, surveys or other inventory procedures yielding $pealidic

emission estimates. This cabegincludes the following sources: household products, toiletries,
aerosol products, rubbing compounds, windshield washing fluid, polishes, waxasduasinial
adhesives, space deodorants, moth control agents and laundry detergents.

Pollutants
VOC andHAPs

Method and
Data Sources

The recommended emission factor that combines emissions from all these sources is 7.84 pounds
VOC per person per year, frofillP Volume lll, Area Sources, Preferred and Alternate Methods
(July, 1997). This emission factor exdks norreactive VOC and takes into account more

recent volatility levels based on product reformulation, than A&e42, Fifth Edition. MDE

used an activity level of 7 days a week and no seasonal adjustment factor as suggested in Table
5.81 in Procedues

Activity
The U.S. Census Bureau reports and collects population statistics for the counties of
Maryland. U.S. Census Bureau Internet addrgstp://www.census.ggv

Emission Factors:
Commercial andConsumer Products (All) 7.84 Ibsvoc/person/year

Original EPA Per Capita VOC Emission Factors36 37

1996 Per Capita
Industry SCC VOC Emission Factor
(Ibs. voc/person/year)
Personal Care Products 2460100000 2.32

36 Source: Adapted from EPA, 1995
37 Emission factors are based on usage and population data for 1990.
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Household Products 2460200000 0.79
Automotive Aftermarket Products 2460400000 1.36
Coatings and Related Products 2460500000 0.95
Adhesives and Sealants 2460600000 0.57
FIFRA - Regulated Products 2460800000 178
Miscellaneoug’roducts 2460900000 0.07

Total (All Commercial & Consumer Products) = 7.84

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustment for
Controls

Federal regulations provide a 20 percent reduction in emissions from a 3&lpsrson subset

of the total commercial and consumer products category.

Commercial and consumer products are regulated by three separate category measures. The
three contrbmeasures are; the original Federal regulations, effective, OTC Phase | controls,
effective, and OTC Phase Il controls effective. Each of the control measures are discussed

briefly below:

Control Set 1: Federal regulations provide a 20 percent rednghamissions from 3.9 Ibs.
voc/person subset of the total commercial and consumer products category. This results in
following controls per commercial and consumer solvent subcategory:

Per Capita VOC Emission Factors After Federal Rule

Emission Factor

Product Category SCC (Ibs. VOC/person/year)c
Personal Care Products 24601000000 2.08
Household Products 24602000000 0.63
Automotive Aftermarket Products 24604000000 1.13
Adhesives and Sealants 24606000000 0.51
FIFRA-Regulated Products 24608000000 1.68
Coatings and Related Products 24605000000 0.95
Miscellaneous Products 24609000000 0.07

Total (All Commercial & Consumer Products) = 7.06
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Control Set 2 OTC Phase | rulevas based on the five CAR®nsumer products rules and
further eanission reductions df4.20 % beyond federal regulation provided in control set one above.
This results in the following controls per commercial and consumer solvent subcategory:

Per Capita VOC Emission Factors After QCT Phase 1
Emission Factor

Product Category ScC (Ibs. VOC/personlyear)c
Personal Care Products 24601000000 1.79
Household Products 24602000000 0.54
Automotive Aftermarket Products 24604000000 0.98
Adhesives and Sealants 24606000000 0.43
FIFRA-Regulated Products 24608000000 1.44
Coatings and Related Products 24605000000 0.82
Miscellaneous Products 24609000000 0.07

Total (All Commercial & Consumer Products) = 6.06

Control Set 3 :OTC Phase Il rulevas based on the five CARB consumer products rules and
further eanission reductions .0 % beyond federal regulation provided in control set one above.
This results in the following controls per commercial and consumer saluboategory:

Per Capita VOC Emission Factors After OCT Phase 2
Emission Factor

Product Category ScC (Ibs. VOC/person/year)c
Personal Care Products 24601000000 1.7529695
Household Products 24602000000 0.5268063
Automotive Aftermarket Products 24604000000 0.9571004
Adhesives and Sealants 24606000000 0.4269687
FIFRA-Regulated Products 24608000000 1.4084942
Coatings and Related Products 24605000000 0.8047066
Miscellaneous Products 24609000000 0.0581146

Total (All Commercial & Consumer Products) = 5.9351604
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Spatial and
Temporal
Allocations
Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The per capita equation used to estimate emissions from commercial and consumer solvents is:

[ POR X EFcc] - [ (PORX CScc) x CEcc]

Ecc =

2000
Where:
Ecc = VOC emissions in tons per day from commercial and consumer solvents
POR = 2011 population of county i (Appendix A)
EFcc = VOC emission factor for commercial and consumer solvents (7.8dodIperson)
CScc = Controlled subset of commercial and consumer solvents (3.&tperson)

CEcc = Control efficiency for controlled subset of commercial and consumer solvents (20%)

2011 Sample Calculation All Commercial/Consumer Solvent Use (Anne Arundel County)

[ (544,403% x (7.84%9)]-[(544,40% 3.9°) x (0.20}*]
2000

Ecc =

Ecc = 1,615.56Qo0nsvoc per year

382011 Population data from U.S. BureauGgnsus, Population Estimates Branch (see Appendices)
39 Emission factor from EIIP Chapter 5 Commercial and Consumer Solvent Use

40 EPA memo from John Sietz

41 EPA memo from John Sietz
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4.1.2.12.1Barge, Tank, Tank Truck, Rail Car and Drum Cleaning
SCC: 24 61 160 000

The EPA explained to MDE staff that the agency has not developed an emission factor for this
category. The EPA also stated that most barge, tank truck, rail car and drum cleaning is done by
steam cleaning and the restdgoes to industrial and public waste disposal treatment plants. It is
impossible to separate this category's portion of the treatment plant emissions. EPA considers
the emissions from this category to be insignificant. Emissions from this categogatciated

for the appropriate facilities in the point source inventory.

4.1.3 Bioprocess Emissions Sources

4.1.3.1 Bakeries
SCC: 23 02 050 000

Description

Bakeries emit VOC, primarily ethanol formed by yeast fermentation of bread or dough, during
the baking process. Ethanol is emitted through a vent, along with combustion product gases.
Large commercial bakeries are inventoried as point sourcestorieand neighborhood bakeries
have lower emissions, and thus are considered area sources.

Pollutants
VOC

Method and
Data Sources

MDE staff followed methodology described in an EIIP Area Source Category Method Abstract
Bakeries, dated June 1999 and an emistactor of 0.11 tongoc per employee cited in an April
24, 1992 Technical Memorandum prepared by Radian Corporation for EPA. Applicable point
source emissions (those within the same NAICS) taken from the M®Xfegistration files

have been subtractédm the emissions calculated on a per employee lasigre presented
below.

Activity

Employee numbers were taken fr@ounty Business Patterns 201aryland NAICS
311812, Bakery Products and 311811, Retail Bakeries (see Appendices)cdbontye
employment data is represented by a letter code indicating a range for the number of
employees for that NAICS. In this case the arithmetic average number of employees per
letter code per county was adjusted so that the state total employmemi€ & Matched

the sum of the number of employees reported per county.
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Emission Factor
An emission factor of 0.11 torsc per employee cited in an April 24, 1992 Technical
Memorandum prepared by Radian Corporation for EPA was utilized.

Point Source
Adjustments

Bakery emissions from facilities identified as point sources (NABCE12 and 3118)1vere
subtracted from the area source inventory to avoid double counting.

Adjustment for
Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate emissions from bakeries is:

Equation

Esak = EFsak X EMP]

Where:

Egak = VOC emissions from small bakeries in tons per year

EFsak = per employee emission factor for bakeries

EMPj = number of employees at small (less than 20 employees), bakeries in county |
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Point Source Adjustments

Egak-aps = EFgak X EMPjpt. sourcet?
Where
E Bak-ADJ Point source adjusted bakery emissions

EFgak = Calculated area source bakery emissions
EMPjpt. sources= Point Source Adjustmentas done by subtracting empiognt for Baltimore

City related sources before calculating emissions.

2011 Sample Calculation for Bakery VOC EmissidBal{imore City):

Employees in NAICS 311811 and 31181 Bitimore City 1,362 emp
Employees irBaltimore City Bakeries 947.16

EMPjpt. sourcess 1,.362- 947.16 emp

Eeak = 220x 510.82lb.svoc per person per year

Esak = 112,380b.svoc per person per year

Esak (112,380 / 200Qpnsvoc per year

Esak = 56.19 tonsioc per year

42 point Source Reduction from MD&RA registration files
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4.1.3.2 Breweries
SCC: 2302070001

Description

During the fermentation process, breweries emit ethanol and other VOCs. Althougéckre
commercial breweries have been inventoried as point sources, there are microbreweries and
brewpubs that emit lower levels of VOCs and therefore must be inveh&sriarea sources.
These smaller breweries emit most of their VOCs from the fermentation room, not the brew
kettle as is the case with the large breweries.

Pollutants
VOC

Method and
Data Sources

MDE/ARA staff surveyed small brewpubs and microbreweriddanyland.

Activity

The survey questionnaire asked the brewing facilities to provide MBR&Aith the

amount of barrels brewed per month for the calendar year 2011. For those facilities that
reported only annual production amounts, an average monthlg wels used.

Emission Factor

Emissions from the small breweries were calculated using an emission factor cited in a
February 5, 1992 Technical Memorandum prepared by Radian Corporation for EPA. This
emission factor is 56.743 Ibgc per 1000 barrels produced. One barrel equalsaBarg.

Note: Emf conversion is: 56.743 Ib VOC/1000 barrels = 0.05674 Ib/barrel = 0.0018303
Ib/gal.

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustment for
Controls

No controls are available for this sourzdegory.
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate emissions fooenveriess:

E _ EFsrew X BPj
BREW — 2000
Where:
Esrew = VOC emissions from smatireweriesn tons peryear
EFsrew = emission factor for small breweries
BPj = 2011 beer production in barrels

2011 Sample Calculation for Small Brewery VOC Emissions (Baltimore:City)

Number barrels produced by microbrewerre8altimore City = 40894.85

_ 0.05674x 40,394.85
Esrew = 2000

Esrew = 1.146E00 tonsvoc per year
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4.1.3.3 Wineries
SCC: 2302 070 005
Description

Ethanol emissions from wineries occur during the fermentation process. The emissions vary,
depending upon the type of wine (red vs. white), the fermentation temperature and the sugar
content of the grapes used.

Pollutants
VOC
Method and

Data Sources

MDE used the methods and procedures document&B-#2*3, Chapter 12, Beverages, Section
2, Wines and Brandies dated September 1995. AP42 Chapter 9.12.2

Activity
The U. S. Department of the Treasurybds A
ofMaryland Comptr ol |l ers Office, and direct

revealed that approximately 351,819 gallons of wine was produced in 2011. The survey
suggests that 191,088 gallons of white and 160,731 gallons of red wine were actually
produced.

Emission Factor
Table 9.12.21 of AP-42 shows that ethanol emissions are 1.8\Jbs.per 1000 gallons of
white wine fermented and 4.6 lhgc per 1000 gallons of red wine fermented.

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.
Adjustment for

Controls

No controls are available for this source category.

Spatial and

Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

43 AP42, Chapter 9.12.2: Food and Agricultural Industries, Beverages, Wines and Brandies
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Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions Calculation

EmissionFactors: red = 0.0046 Ib.voc/gal.
white = 0.0018 Ib.voc/gal.

White wine

EMtotal = (191,088 gal. 8.0018 Ib.voc/gal.) / 2000
White wine EMtotal =0.172tons of ethanol

Red wine EMtotal = (160,731 gal.<0046 Ib.voc/gal.) / 2000
Red wine EMtotal 9.370tons of ethanol

Using the above figures, the production of wine by all Maryland wineries in 2011 resulted in the
production 0f0.542tons of ethanol.

4.1.3.4 Distilleries

Description

Ethanol emissions are the largest component of the VOCs emitted from distilleries. r@sstille
produce both grain alcohol for industrial and fuel purposes, and distilled spirits such as whiskey
and brandy for consumption purposes. The emissions points in the distilled spirits
manufacturing process are likely to be the same as in breweri@graarees, with the aging

process as an additional source of emissions. During the aging process, ethanol and water seep
through the wooden barrels used to age whiskey and evaporate into the air. Aging and barrel
emptying are the major sources of VOC enaigsifrom whiskey production.

Pollutants
VOC

Method and
Data Sources

MDE staff indicated that no distilleries below the 10 ton per year point source cutoff operated in
the inventory area during 20. Fugitive VOC emissions from the aging process at large
distillery operations can be substantial and will be included in the point source inventory.
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4.1.4 Catastrophic/Accidental Releases

4.1.4.1 Oil Spills
SCC: 28 30 000 000

Description

Oil spills involve oil tanker accidents, tanker truck accidents, and apitiflowouts from oil

rigs or pipelines in coastal and inland areas. Because a wide range of fuel types may be spilled,
the nature and quantity of emissions can vary. Emissions are also influenced by thgp clean
procedure and by dispersion and weatlgeprocesses.

Oil spill evaporation produces local VOC emissions. If spills catch fire, additional SO2, CO,
CO2, PM, NOx and VOC emissions may result. Other potentially toxic chemical compounds
may also be released as a result of chemical cleanup

Pollutants
VOC

Method and
Data Sources

Activity

Data on oil spills in Maryland were obtained from MDE's Oil Control Program. They
provided MDEARA staff a yearly report of all oil spills that occurred in Marylauling
2011. Spills around Maryland totaled to about 54,373 gallons.

Emission Factor

MDE staff used an emission factor recommended to the Metropolitan Washington Council
of Governments by E.HRECHANand Associates, Inc., the contractor used by MWCOG

to prepare their 1990 base year inventory. This emission factor was based on a California
Air Resources Board (CARB), study of air emissions from large oil spills (over 10 million
gallons of oil). Based on this study, a range of evaporation estimatesdiveeaganic

gases was found to be between 5,500 and 13,000 tons. Using this information, an average
emission factor was calculated to be 0.0000925 tons VOC per gallon of oil spilled.

Point Source
Adjustments
No point source adjustments were made.

Adjustment for
Controls

No controls are available for this source category.
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate emissions from oil spills:

Eoiispils = EFoi spits X GOSj
Where:
E oil spills VOC emissions from oil spills in tongc per year

EFoispits = tons of pollutant per gallon of oil spilled
GOSi = gallons of oil spilled in county |

2011 Sample Calculation for Qil Spill VOC Emissioifsr(i nce Geo) geds County

Annual Emissions:
Number gallons oil spillediRPr i nc e Ge o 20§le5®s8galloosu nt y

Eoiispiis = (0.0000925k (5,958)

Eoispiis = 0.5511 tonsoc per year
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4.1.4.2 Leaking Underground Storage Tanks/ Soil Remediation

SCC: 26 60 000000

Description

Many underground storage tanks (USTs) are over 15 years old and are constructed of steel,
which may rust over time. The underground piping connected to these tanks also has the
potential to leak. Leaking USTs (leakingderground storage tank sites or LUST sites) are of
concern because they may result in the contamination of drinking water, subsurface soils, and
ground and surface water, and may emit toxic and/or explosive vapors. The contaminated soil
and water may ab emit VOC.

Pollutants
VOC

Method and
Data Sources

Activity

Emission calculation methods were taken from EIIP, AREA SOURCE CATEGORY
METHOD ABSTRACT- REMEDIATION OF LEAKING UNDERGROUND STORAGE
TANKS, 2001. The numbers of LUST sites by county vadrained rom ME 6 s Oi |
Control Program. No seasonal variation was assumed. Each remediation event takes an
average of 30 days; during this period emissions are released.

Emission Factor
An emissions factor of 28 I VOC per day per site was used.

Point Source
Adjustments

No point source adjustments were made.

Adjustment for
Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations
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Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

£ _ LS1 x EFx 30 day

LUST = 2000 Ib./ton

Where:
ELust = VOC emissions in tons per year from leakurglerground storage tanks
LSL = number of remediation site(s) in county j
EF = emissions factor

2011 Sample Calculation for Leaking Underground Storage Tanks (Anne Arundel County)

No seasonal variation assumed

E _ 2 X 28 voc Ibs./dayx 30 day
LUST-AA = 2000 Ib./ton

ELust-aa = 0.84 tonsoc per year
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4.1.5 Solid Waste Disposal, Treatment, and Recovery

4.1.5.1 On-site Incineration
SCC: 2601020000

Description

Onssite incineration is the confined burning of waste on a ssoalk by institutions such as
hospitals, nursing homes, veterinary offices, funeral homes and laboratoriesstaleye
incineration is included in the point source inventory.

Pollutants
VOC, NOx, SOx, CO, PM PM25 and HAPS,

Method and
Data Sources

In Maryland incinerators are regulated under COMAR 26.11.08. Maryland began regulating
incinerators for control of particulates in the 1970's. In AQCRs lll and IV single chamber
incinerators, the type that would be used fossiia residential incinerationvere banned. All

such incinerators were rendered inoperative under the direction of the Maryland Department of
the Environment (MDE). Over 1700 small incinerators were eliminated under this requirement.

In the other Maryland counties included in thadhington, D.C. nonattainment area,
incineration of trash in osite incinerators is prohibited except in areas where public trash
collection is not provided.

COMAR 26.11.08.09 now requires all incinerators to obtain a permit to operate and any person
whoowns or operates an incinerator must obtain certification from MDE and renew the
certification annually.

MDE/ARA maintains a registry of all incinerators within the State. Because of the requirements
prohibiting single chamber incinerators, the requeatfor a permit to operate, and the operator
certification requirements, staff used the sum of the incinerators in the registry as representing
the total area source emissions from incinerators of all types emitting less than 10 tons/VOC, 100
tons/yr CO ad 50 tons per year NO Incinerators from the registry with emissions above these
thresholds are included in the point source inventory.

No seasonality is applied. The emission factor is chosen by type of incinerator: waste,
pathological, hazardous)dustrial, special medical, sewage sludge and municipal waste
combustors. The burn rate is determined by stack test-@2AMours of operation and tons of
waste per day are supplied by the operator.
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Spatial and
Temporal
Allocations

Spatial
Datafor spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

4.1.5.2 Publicly Owned Treatment Works (POTWSs)
SCC: 26 30 020 000

Description

Wastewater is uslly collected and treated at a public waterworks facilitigddiltered and
reused or discharged into surrounding waterways. While the wastewater is held and being treated
VOCs are released into the air due to contaminates and byproducts in the water.

Pollutants
VOC

Method and
Data Sources

The emissions from these facilities were calculated based on the method described in EPA EIIP
Il Chapter 5 Section 5.1.

Activity

The amount of actual flow for each POTW in
Wastewater Management Administration (8gg@endices). MDE staff multiplied this

amount by the emission factor listed to get VOC emissions from each POTW. The

individual POTW emissions were then totaled by county.

Emission Factor
EPA and ERTAC supplied MDE with a new emission factor of 0.44geuwc per
million gallons of actual flow of wastewater discharged.

Point Source
Adjustments

VOC stack emissions in the Air Management registration files from the Patapsco, Western
Branch, and Back River Wastewater Treatment Plants were subtracteithértmtals below.
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Adjustment for
Controls

A seasonal adjustment factor of 1.4 was used when calculating ozone season or daily emissions
not yearly.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation used to estimate yearly emissions from POTWs is:

Erotwy = ADF 15 X EFpotw X 365 days
2000
Forseasonal emissions:
Erotws = ADF |; X EFpotw X SAFpoTw
2000
Where:
Eprotwy = VOC emissions in tongoc per year from POTWSs
ADF ; = Actual daily flow into POTW i in county j
EFpotw = VOC emission factdf for POTWs
SAFpoTw = Seasonal adjustment factofor peak ozone season which is 1.4

Plant operation is 365 days a year

2011 Sample Calculation for POTW VOC Emissions (Howard County)
Little Patuxent Treatment Plant statistfcs
Actual daily flow (MGDY": 15.755

Erotwy = (15.755)x (0.44 Ibsvoc / gal)x 365 days
2000

Epotwy = 1.27 tonsjoc/ year

44 Emission factor taken from Procedures, Section 3.5.1

45 Seasonal adjustment factor taken from Procedures, Table 5.8.1

46 Supplied by the Maryland Water Management Adstiaition (see Appendices)
47TMGD : Million Gallons per Day
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4.1.5.3 Open Burning i Land Clearing Debris
SCC: 26 10 000 500

Description

Open burning of land clearing debris refers to the clearing of land focomstruction and the

burning of organic material (i.e., trees, shrubs and other vegetation). The clearing of land for the
construction of new buildings and highways often results in debris consisting of trees, shrubs,
and brush. This debris may be burmeglace but it is usually collected in piles for burning. The
burning of land clearing wastes may be practiced by private individuals, corporations, and
government agencies (e.g., highway construction department). There are no federal laws
restricting tke open burning of land clearing wastes, although state or local laws may exist.

Residential open burning without a permit is prohibitederMarylandlaw (COMAR

26.11.07, where trash and leaf collection is available. The basic difference between the
regulation as it applies to counties in AQCRs Ill and IV and the rest of the state is the
requirements under which the burn takes place, i.e., minimum setbacks from pliopsrtgtc.

In the more rural counties, areas with no available trash collection are more prevalent. MDE
adopted a regulation that prohibits open burning during the peak ozone period (June to August).
The seasonal prohibition only affects those couttiaslie within serious and severe ozone
nonattainment areas. Certain exemptions must be in place however so as not to adversely affect
agriculture or restrict fire training and recreational activities. Commercial open burning without

a permit is prohitbed in Maryland.

Pollutants
VOC, NOx, SOx, CO, PMyand PM 5

Method and
Data Sources

The method used to calculate emissions, is presenf&dPtf, Chapter 16, Open Burning
(Revised Final 2001).

Activity
The number of acres disturbed by residential -residential and roadway construction are
estimated and then these values are added together to obtain aleeeindgtimate of total
acres disturbed by lardearing. Countylevel emissions from land cleag debris are then
calculated by multiplying the total acres disturbed by construction by a weighted loading
factor and emission factor.

The BELD database in BEIS was used to determine the number of acres of hardwoods,
softwoods, and grasses in eachry. Average loading factors were weighted according

to the percent contribution of each type of vegetation class to the total land area for each
county. The loading factors for slash hardwood and slash softwood were further adjusted

48 Emission Inventory Improvement Program
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by a factor of 1.5 taccount for the mass of tree that is below the soil surface that would
also be subject to burning once the land is cleared.

Fuel loading factors are as follows:

Fuel Type Fuel Load Factor Adjusted Load Factor
(tons/acre) (tons/acre)

Hardwood 99 148.5

Softwood 57 85.5

Grass 4.5 4.5

Average fuel loading factors were calculated as follows:

LF oBiLCDi CO (Acresnw-coi X LFadj-Hw) +(Acressw.coi X LFadj-sw) +(Acresercoi X LFadj-Gr)
! ! |

Acresror-coi
LFosiLcpi coi = Average Load Factor i@ounty i
Acrespw-coi = Acres of hardwood in County i from BELD database
LFadj-nw = Adjusted Load Factor for Hardwood
Acressw.coi = Acres of softwood in County i from BELD database
LFadj-sw = Adjusted Load Factor for Softwood
Acresgrcoi = Acres of gasses in County i from BELD database
LFadj-Gr = Adjusted Load Factor for Grasses
Acrestor-coi = Total Land Acres in County i

Emission Factors®
Emission factors in Ibs. /ton were taken from-APTable 2.51, Emission Factors for Open
Burning ofMunicipal Refuse and are listed below:

VOC 11.6 Lbs.voc/ ton
SOx 0.0 Lbs.soy ton
CcoO 169 Lbs.co/ ton
PMio 17 Lbs.pm1d ton
PM:s 17 Lbs.pm2.d ton
NOx 5 Lbs. Nvox/ ton

Ozone Season Daily (OSD) emissions calculatechblyiplying annual emissions by 0.25
then dividing by 92.

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

49 Emissions factors for VOC NOx, CO, §® My, and PM s were obtained from A2 Table 2.51.
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Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation
Annual Emissions
E onilcn — AD R-NR-RoadX LF oBiLcpi coi X EFosii
OBiLCDi Ann 2000

E osiLcoi anmn = Annual emissions from open burning of land clearing debris

AD R-NR-Road Acres disturbed from Residential, Noesidential and Roadway
construction in the county

LF ogiLcpi coi= Average Load Factor in County i

FLuw-swe = Fuel loading factor for hardwoods, softwoods, and grasses

EFosi = Open burning emission factor pollutant i in Ibs. / ton

Ozone Season Daily Emissions

_ E OBiLCD1 Ann
E OBiLCDi Day — 4% 92

EosiLcpipay = Ozone Season Daily emissions from open burning

EosiLcoi ann =  Annual emissions from open burning of land clearing debris
4 Number of seasons in the year

92 Days in the season
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4.1.5.4 Open Burning i Residential Municipal Solid Waste
SCC: 26 10 030 000

Description

Open burning is the unconfined burning of wood, leaves, land clearing debris, household waste,
and agricultural crop wastelousehold waste isften referred to as residential municipal solid
waste (MSW)a term for nonhazardous refuse produced by houdgfed., paper, plastics,
metals,wood, glass, rubber, leather, textiles, and food wastes).

Open burning without a permit is prohibited in Maryland where trash and leaf collection is
available (COMAR 26.11.0F. The basic difference between the regataas it applies to

counties in AQCRs lll and IV and the rest of the state is the requirements under which the burn
takes place, i.e., minimum setbacks from property lines, etc. In the more rural counties, areas
with no available trash collection are ra@revalent. MDE adopted a regulation that prohibits
open burning during the peak ozone period (June to August). The seasonal prohibition only
affects those counties that lie within serious and severe ozone nonattainment areas. Certain
exemptions mudte in place however so as not to adversely affect agriculture or restrict fire
training and recreational activities.

Pollutants

VOC, NOx, SOx, CO, PM, PM5, and HAPs

Method and

Data Sources

The method used to calculate emissions is presented in asstay conducted by the Mid

Atlantic/Northeast Visibility Union (MANEV U) , ti tl ed fAiOpen Burning
Emi ssions Inventor® Devel opment Report. o
Activity

The purpose of the survey was to obtain data for developing activity estimates &od con
information (e.g., bans on burning) that would form the basis of an improved open burning
emission inventory for MidAtlantic/Northeast Visibility Union (MANEVU) states and

tribes for the year 2002. But for 2011, the percentages used to calculss@amare the

same; the emissions increase or decrease due to the estimated number of households that
burn and the amount of material burned.

A rule effectiveness (RE) survey was atakento estimate controlled emissions &oeas

under restriction Household waste burning surveys were completed for 72 respondents or
jurisdictions, while yard waste surveys were conducted for 181 respondents. The
respondents for this survey were typically local fire wardens or chiefs. Rule effectiveness
surveys relat to residential MSW rules were conducted for 49 respondents, while RE

50 Open Burning in Residential Areas Emissions Inventory DevelopmemtrReepaed by E.H. ECHAN &
Associates, Inc. for the Midtlantic/Northeast Visibility Union, dated January 31, 2004.
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surveys for yard waste burning rules were performed for 51 respondents. In obtaining
survey responseBECHANCcollected activity data and control information for areas

classified as urdn, suburban, and rural, or a combination of these designations (defined

using data from the 2000 U.S. Censid}CHANalso developed a control database for
each open burning category that describes the recommended control efficienapdCE)
rule penetrabn (RP) values by state and county, and bysaumnty, where applicable.

Open burning activity estimates recorded from the survey were used directly to estimate

emissions for the surveyed jurisdictions. For the-smrveyed areas, including tridahds,

the default activity data derived from all survey responses were applied. Households are

defined as detached singlmily unit dwellings and were updated by usitige 2A1U.S.
Census.

Emission Factors

Emission factors in Ibs/ton total massre taken from AR2 Table 2.51 Emission

Factors for Open Burning of Municipal Refuse and from a 1997 EPA research paper on

open burning' are listed below:

Type of PM2.5 PM10 vocC NOX S02 co

SCC Waste Ib/ton Ib/ton Ib/ton Ib/ton Ib/ton Ib/ton
2610030004 HH MSW 34.8 38 8.56 6 1 85
261000010( Leaf waste 22 22 28 6.2 0.76 112
2610000400 Brush waste 15.21 19.73 19 5 1.66 140

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

If an area has controls or prohibitions on residential burning, controlled emissions were
calculated from uncontrolled emissions using the following equation:

Ec= Euc* [(1-(CE)(RP)(RE)]

S1EPA. 1997. Evaluation of Emissions from the Open Burning Ofsdbald Waste in Barrels. EPBO0/R97-
134a. U.S. Environmental Protection Agency, Control Technologies Center./ Research Triangle Park, North
Carolina.
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Where:

Ec = Controlled area sour@missions

Euwe = Uncontrolled area source emissions
CE = % Control efficiency varied 0 to 100%
RP = % Rule penetration varied 0 to 100%
RE = % Rule effectiveness was 96.8%

The following sections describe how values for CE, RP and RE were deoveddirves.

Rule Effectiveness

PECHANevaluated differences in RE between rural/suburban and urban areas, as well as
differences in RE for MSW and yard waste burning. Although one may expect that RE would be
higher for urban than for suburban or rurakas,éANOVA of the survey results from these
geographic subdivisions, as well as for the different open burning categories, did not show that
RE values were drawn from distinct populations. Therefore, the final selection of RE reflects a
value for all areaand all burning categories.

There were a total of 26 RE survey responses that included information on the number of
violating households. To calculate REECHANused the number of households violating the
rule, and the number of households expected timme open burning for areas in the region
where there is no rule (i.e., # households x fraction of open burning households by region from
survey).

The RE values obtained from the survey responses will be used for the specific State or
jurisdiction survged. Nonsurveyed areas could not be assigned a jurisdispecific RE

because no responses webtained PECHANdid not develop state specifRE value. They

believed that local jurisdictions in individual stateaplemented their rulethe same a®cal
jurisdictions in the MANEVU region. To estimate a default RE value for the remaining areas,
the survey data were statisticadigalyzed. After evaluating the data using the Census 2000 data,
a mean value of 96.8 perceanflected the best estimatdraentral tendency. As sucRECHAN
applied a rule effectiveness 8.8 percent to all areas and for both MSW and yard waste
burning PECHAN, 2002b).

Control Efficiency and Rule Penetration

For those areas identified to have a control, CE is assumedliaOpercent (since tisentrol is
typically a ban on burning activity). For MSW burning, with the exceptidPesinsylvania,
PECHANassigned 100 percent CE and 100 percent RP to urban and suburbamtheeas
MANE-VU region (i.e., even if the stathd not have a statewide ban on burning). In
Pennsylvania, unless a jurisdiction or county (e.g., Allegheny County) was determined via
survey to have a ban, it will be assumed that suburban and rural areas allow open burning. For
yard waste burnindfECHANassigned 100 percent CE and RP to all urban areas in the MANE
VU region. Yard waste emissions calculated for suburban and urban areas were assumed to be
uncontrolled, unless the survey data or other statewide or local control information indicated
otherwse. For municipal yard waseirning areas were assumeckither perform this activity
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and have associated emissions, or did not conduct burns and therefore were assigned zero
emissions.

In determining annual emissions for those areas with a seasonBH2HAN adjusted the RP

by the length of the seasonal ban relative to the entire year. The RP value also depends on how
the time period of the ban overlaps with the activity profile for the specific category of burning.
For example, for brush waste burnjnige survey data revealed an average activity profile as
follows: Winteil 20%; Sprin@46%; Summér6%; and Fall28%. So, for an area that halrash
burning ban in the summer, although some percentage of burning is likely to be pre\eimgd
this seasonwe assume that 2 percent of the summer season brush burning in Adgiesyes!

until September when burning is permitted, resulting in an RP of 4 percent to apphuial

brush waste burning emissions. As mentioned in the discussion of temporiatpoofiles,

this also has an affect on the monthly activity profile. A summer RP value of 4 pemddt

result in a revised temporal allocation profile to be: Wir28f6; Sprin@46%; Summérd%;

and Fali 30%.

Control Percentages used for eaohnty:

STATE CO | scc | Re | RP | CcE

24001 2610030000 96.80% 82.61% 82.61%
24003 2610030000 96.80% 93.62%  100%
24005 2610030000 96.80% 94.80%  100%
24009 2610030000 96.80% 60.29%  100%
24011 2610030000 96.80% 28.57% 28.57%
24013 2610030000 96.80%  100%  100%
24015 2610030000 96.80% 62.50%  100%
24017 2610030000 96.80% 68.75%  100%
24019 2610030000 96.80% 33.33%  33.33%
24021 2610030000 96.80% 71.88%  100%
24023 2610030000 96.80% 14.29%  14.29%
24025 2610030000 96.80% 80%  100%
24027 2610030000 96.80% 92.68%  100%
24029 2610030000 96.80% 40% 40%
24031 2610030000 96.80% 98.31%  100%
24033 2610030000 96.80%  100%  100%
24035 2610030000 96.80% 25%  100%
24037 2610030000 96.80% 40% 40%
24039 2610030000 96.80% 50% 50%
24041 2610030000 96.80% 33.33% 33.33%
24043 2610030000 96.80% 0% 0%
24045 2610030000 96.80% 94.12%  94.12%
24047 2610030000 96.80% 75% 75%
24510 2610030000 96.80% 0% 0%
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Spatial and

Temporal
Allocations

Spatial

PECHANCcollected activity data and control information for areas classified as urban,
suburban, and rural, or a combination of these designations (defined using data from the
2000 U.S. Census).

Temporal

Activity estimates and associated emissions are calcwdated annual basiBECHAN
proposes the following temporal allocation profiles to represent monthly, weekly, and daily
activity profiles by SCC (see Tables2lthrough I#5). The monthly activity profiles were
developed based on data obtained from tineegu The weekly and weekday/weekend
profiles were developed based on engineering judgment. These profiles will be applied to
annual activity for all areas of MANKU (i.e., variations in regional, State, or tribal areas
are not accounted forAlso, a SA was applied to emissions and were averaged

according to period of operation to algastimate.

Temporal Allocation Profile Formats (monthly)

Month
SCC Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2610030000 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
2610000400 | 0.067 | 0.067 | 0.153 | 0.153 | 0.153 | 0.020 | 0.020 | 0.020 | 0.093 | 0.093 | 0.093 | 0.067
2610040400 | 0.067 | 0.067 | 0.153 | 0.153 | 0.153 | 0.020 | 0.020 | 0.020 | 0.093 | 0.093 | 0.093 | 0.067
2610000100 | 0.000 | 0.000 | 0.000 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 [ 0.333 | 0.333 | 0.333 | 0.000
Temporal Allocation Profile Formats (weekly)
Day of Week
scc .
Mon Tue Wed Thu Fri Sat Sun
2610030000 0.111 0.111 0.111 0.111 0.111 0.222 0.222
2610000400 0.111 0.111 0.111 0.111 0.111 0.222 0.222
2610040400 0.200 0.200 0.200 0.200 0.200 0.000 0.000
2610000100 0.111 0.111 0.111 0.111 0.111 0.222 0.222
Temporal Allocation Profile Formats (daily; weekday)
Weekday Hour
scc 0100 | 0200 | 0300 | 0400 | 0500 | 0600 | 0700 | 0800 | 0900 1000 1100 1200
2610030000 0 0 0 0 0 0 0.071 | 0.072 | 0.071 | 0.071 | 0.071 | 0.071
2610000400 0 0 0 0 0 0 0.071 | 0.071 | 0.071 | 0071 | 0.071 | 0.071
2610040400 0 0 0 0 0 0 0.071 | 0.071 | 0.071 | 0.071 | 0.071 | 0.071
2610000100 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
Weekday Hour
scc 1300 1400 1500 1600 1700 1800 1900 | 2000 | 2100 | 2200 | 2300 | 0000
2610030000 | 0.071 | 0.071 | 0.071 | 0.071 | 0.071 | 0.071 | 0.071 | 0.071 0 0 0 0
2610000400 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610040400 | 0.071 | 0.071 | 0.071 | 0.072 | 0.071 | 0.071 | 0.071 | 0.071 0 0 0 0
2610000100 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
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Temporal Allocation Profile Formats (daily; weekend day)

Weekend Day Hour
SCC 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200
2610030000 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610000400 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610040400 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610000100 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
Weekend Day Hour
SCC 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 0000
2610030000 | 0.071 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610000400 | 0.071 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610040400 | 0.071 [ 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610000100 | 0.071 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0

Emissions
Calculation

Emissions were calculated at a census tract level and summedoouetyafor county level
emissions. A county level sample emission calculation will not be presented here, however the
equations for a particular census tract are presented below. All of the census tracts in a county
would then be summed for county leeshission estimates.

The equation for estimating the mass of waste burned is:

Wtnsw=HH * Bt* M

Where:
Wtmsw = Mass of waste burned per time period
HH = Number of households that burn (Question 1, Part 2 of survey)
Bt = Number of burns per time period (Question 3, Part 2)
M = Mass of waste per burn (Question 5, Part 3)

Uncontrolled emissions were then calculated using the following equation:

Eunc=Wtusw* EF

Where:

Eunc = Uncontrolled area sour@missions
Wtmsw = Mass of waste burned per time period
EF = Emission factor per pollutant

Controlled emissions were then calculated using the following equation:
Ec = Eunc* [(1-(CE)(RP)(RE)]

where: E = Controlled area source emissions
Eunc = Uncontrolled area source emissions
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4.1.5.5 Open Burning i Residential Yard Waste
SCC: 26 10 000 10@Leaf Debris)
SCC: 26 10 000 40@Brush Debris)

Description

Open burning is the unconfined burning of wood, leaves, land clearing debris, household waste,
and agricultural crop waste. Household waste often referred to as residential municipal solid
waste (MSW), is a term for nonhazardous refuse produced by hodsébgl., paper, plastics,
metals, wood, glass, rubber, leather, textiles, and food wastes).

Open burning without a permit is prohibited in Maryland where trash and leaf collection is
available, COMAR 26.11.07. The basic difference between the reguktiit applies to

counties in AQCRs lll and IV and the rest of the state is the requirements under which the burn
takes place, i.e., minimum setbacks from property lines, etc. In the more rural counties, areas
with no available trash collection are m@revalent. MDE adopted a regulation that prohibits
open burning during the peak ozone period (June to August). The seasonal prohibition only
affects those counties that lie within serious and severe ozone nonattainment areas. Certain
exemptions must bi@ place however so as not to adversely affect agriculture or restrict fire
training and recreational activities.

Pollutants

VOC, NOx, SOx, CO, PM, PM5, and HAPs

Method and

Data Sources

The method used to calculate emissions is presented in a study/sanducted by the Mid

Atlantic/Northeast Visibility Union (MANEV U) , ti tl ed fAiOpen Burning
Emi ssions Inventor® Devel opment Report. o
Activity

The purpose of the survey was to obtain data for developing activity estimates aall contr
information (e.g., bans on burning) that would form the basis of an improved open burning
emission inventory for MidAtlantic/Northeast Visibility Union (MANEVU) states and

tribes for the year 2002. But for 2011, the percentages used to calculateresrass the

same; the emissions increase or decrease due to the estimated number of households that
burn and the amount of material burned.

A rule effectiveness (RE) survey was atakento estimate controlled emissions &oeas

under restriction Household waste burning surveys were completed for 72 respondents or
jurisdictions, while yard wastgurveys were conducted for 184spondents. The

respondents for this survey were typically local fire wardens or chiefs. Rule effectiveness
surveys relatetb residential MSW rules were conducted for 49 respondents, while RE

52 Open Burning in Residential Areas Emissions Inventory DevelopmemtrR€&pepaed by E.H. ECHAN &
Associates, Inc. for the Midtlantic/Northeast Visibility Union, dated January 31, 2004.
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surveys for yard waste burning rules were performed for 51 respondents. In obtaining
survey responseBECHANCcollected activity data and control information for areas
classified as urbarsuburban, and rural, or a combination of these designations (defined
using data from the 2000 U.S. Censid}CHANalso developed a control database for

each open burning category that describes the recommended control efficiency (CE), rule
penetration RP) values by state per county, and by-sobnty, where applicable.

Open burning activity estimates recorded from the survey were used directly to estimate
emissions for the surveyed jurisdictions. For the-smrveyed areas, including tribal lands,

thedefault activity data derived from all survey responses were appla@teholds are
defined as detached singlmily unit dwellings and were updated by usitige 2A1U.S.
Census.

Emission Factors

Emission factors in Ibs/ton total mass were tafkem AP-42 Table 2.51 Emission

Factors for Open Burning of Municipal Refuse and from a 1997 EPA research paper on

open burning’ are listed below:

Type of PM2.5 PM10 vVOC NOX S02 co

SCC Waste Ib/ton Ib/ton Ib/ton Ib/ton Ib/ton Ib/ton
2610030000 HH MSW 34.8 38 8.56 6 1 85
2610000100 Leaf Waste 22 22 28 6.2 0.76 112
2610000400 Brush Waste | 15.21 | 19.73 19 5 1.66 140

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

If an area has controls or prohibitions on residential burning, controlled emissions were
calculated from uncontrolled emissions using the following equation:

Ec= Euc* [(1-(CE)(RP)(RE)]

S3EPA. 1997. Evaluation of Emissions from the Open Burning Of Household Waste in Barrelss0B/97-
134a. U.SEnvironmental Protection Agency, Control TechnokgyCentef Research Triangle Park, North
Carolina
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Where:

Ec = Controlled area source emissions

Euwe = Uncontrolled area source emissions
CE = % Control efficiency varied 0% to 100%
RP = % Rule penetration varied 0% to 100%
RE = % Rule effectiveness 96.8%

The following sections describe how values for CE, RP, and RE were derived fromssurvey

Rule Effectiveness

PECHANevaluated differences in RE between rural/suburban and urban areas, as well as
differences in RE for MSW and yard waste burning. Although one may expect that RE would be
higher for urban than for suburban or rural areas, ANOVA ofineey results from these
geographic subdivisions, as well as for the different open burning categories, did not show that
RE values were drawn from distinct populations. Therefore, the final selection of RE reflects a
value for all areas and all burningegories.

There were a total of 26 RE survey responses that included information on the number of
violating households. To calculate REECHANused the number of households violating the
rule, and the number of households expected to perform open btonargas in the region

where there is no rule (i.e., # households x fraction of open burning households by region from
survey).

The RE values obtained from the survey responses will be used for the specific State or
jurisdiction surveyed. Nosurveyedareas could not be assigned a jurisdicBpacific RE

because no responses webéained PECHANIid not develop state specifRE value. They

believal that local jurisdictions in individual stateaplemented their rulethe same a®cal
jurisdictionsin the MANE-VU region. To estimate a default RE value for the remaining areas,
the survey data were statisticadigalyzed. After evaluating the data using the Census 2000 data,
a mean value of 96.8 percegtlected the best estimator of central tendeAsysuchPECHAN
applied a rule effectiveness @5.8 percent to all areas and for both MSW and yard waste
burning PECHAN 2002b).

Control Efficiency and Rule Penetration

For those areas identified to have a control, CE is assumed to be 100 percenhésiontrol is
typically a ban on burning activity). For MSW burning, with the exceptidpesinsylvania,
PECHANassigned 100 percent CE and 100 percent RP to urban and suburbamtheeas
MANE-VU region (i.e., even if the state did not have a statewan on burning). In

Pennsylvania, unless a jurisdiction or county (e.g., Allegheny County) was determined via
survey to have a ban, it will be assumed that suburban and rural areas allow open burning. For
yard waste burning?ECHANassigned 100 perce@E and RP to all urban areas in the MANE

VU region. Yard waste emissions calculated for suburban and urban areas were assumed to be
uncontrolled, unless the survey data or other statewide or local control information indicated
otherwise. Fothe municipalyard waste burningategory areaghatperformedthis activityhad
associated emissions, or did not conduct burns and therefore were assigmesdigaoms.
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In determining annual emissions for those areas with a seasonBH2HAN adjusted the RP

by the length of the seasonal ban relative to the entire year. The RP value also depends on how
the time period of the ban overlaps with the activity profile fergpecific category of burning.
For example, for brush waste burning, the survey data revealed an average activity profile as
follows: Winteil 20%; Sprin@46%; Summér6%; and Fall28%. So, for an area that halrash
burning ban in the summer, although sopercentage of burning is likely to be prevertadng

this season, we assume that 2 percent of the summer season brush burning in Aeysds
until September when burning is permitted, resulting in an RP of 4 percent to apphuial

brush wastéurning emissions. As mentioned in the discussion of temporal allogaibbles,

this also has an affect on the monthly activity profile. A summer RP value of 4 pemddt

result in a revised temporal allocation profile to be: Wir2886; Spring46%; Summer 4%;

and Fali 30%.

Spatial and
Temporal
Allocations

Spatial

PECHANCcollected activity data and control information for areas classified as urban,
suburban, and rural, or a combination of these designations (defined using data from the
2000 U.S. Census).

Temporal

Activity estimates and associated emissions are calcudated annual basiBECHAN
proposes the following temporal allocation profiles to represent monthly, weekly, and daily
activity profiles by SCC (see Tables2lthrough I#5). The monthly activity profiles were
developed based on data obtained from tineesu The weekly and weekday/weekend
profiles were developed based on engineering judgment. These profiles will be applied to
annual activity for all areas of MANKU (i.e., variations in regional, State, or tribal areas
are not accounted forAlso, a SA was applied to emissions and were averaged

according to period of operation to a daily estimate.

Temporal Allocation Profile Formats (monthly)
Month

SCC Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2610030000 [ 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083 | 0.083
2610000400 | 0.067 | 0.067 | 0.153 | 0.153 | 0.153 | 0.020 | 0.020 | 0.020 | 0.093 | 0.093 | 0.093 | 0.067
2610040400 | 0.067 | 0.067 | 0.153 | 0.153 | 0.153 | 0.020 | 0.020 | 0.020 | 0.093 | 0.093 | 0.093 | 0.067
2610000100 [ 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.333 | 0.333 | 0.333 | 0.000

Temporal Allocation Profile Formats (weekly)

Day of Week
SCC
Mon Tue Wed Thu Fri Sat Sun
2610030000 0.111 0.111 0.111 0.111 0.111 0.222 0.222
2610000400 0.111 0.111 0.111 0.111 0.111 0.222 0.222
2610040400 0.200 0.200 0.200 0.200 0.200 0.000 0.000
2610000100 0.111 0.111 0.111 0.111 0.111 0.222 0.222
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Temporal Allocation Profile Formats (daily; weekday)

Weekday Hour

SCC 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200
2610030000 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610000400 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610040400 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610000100 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
Weekday Hour
SCC 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 0000
2610030000 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610000400 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610040400 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610000100 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
Temporal Allocation Profile Formats (daily; weekend day)
Weekend Day Hour
SCC 0100 0200 0300 0400 0500 0600 0700 0800 0900 1000 1100 1200
2610030000 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610000400 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610040400 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
2610000100 0 0 0 0 0 0 0.071 0.071 0.071 0.071 0.071 0.071
Weekend Day Hour

SCC 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 0000
2610030000 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610000400 0.071 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610040400 0.071 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
2610000100 0.071 | 0.071 0.071 0.071 0.071 0.071 0.071 0.071 0 0 0 0
Emissions

Calculation

Emissions were calculated at a census tract level and summed over a county for county level
emissions. A county level sample emission calculation will not be presented here, however the

equations for a particular census tract are presented below. tAd oénsus tracts in a county
would then be summed for county level emission estimates.

The equation for estimating the mass of waste burned is:

Wtnsw=HH * Bt* M

Where:
Wt msw

HH
Bt
M

= Mass of waste burned per time period

Number ofhouseholds that burn (Question 1, Part 2 of survey)
Number of burns per time period (Question 3, Part 2)
Mass of waste per burn (Question 5, Part 3)
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Uncontrolled emissions were then calculated using the following equation:

Eunc = Wtusw* EF

Where:

Eunc = Uncontrolled area source emissions
Wtusw = Mass of waste burned per time period
EF = Emission factor per pollutant

Controlled emissions were then calculated using the following equation:

Ec= Eunc* [(1-(CE)(RP)(RE)]

Where:

Ec = Controlled area source emissions
Eunc = Uncontrolled area source emissions
CE = % Control efficiency/100

RP = % Rule penetration/100

RE = % Rule effectiveness/100
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4.1.5.6 Cremationi Animal and Human
SCC: 28 10 060 100 (Humans)
28 10 060 200 (Animals)

Description

Propandfired burners (afterburner and ignition) are typically used at cemeteries for human body
and animal cremation. Burners are usually rated at 2,115,000 Btu per hour capacity. Newer units
installed in the 1at&980's are equipped with a modulating ignition burner. When afterburner
temperatures reach about 1800 F (980 C), the ignition burner modulates tfire lmwde that

will reduce the Btu per hour usage.

When the crematory reaches an operating tempemaitd;,@250 F (680 C) the body container is
placed on the combustion chamber grate and the ignition burner is fired to attain a target
combustion temperature sufficient for the proper reduction of human remains. The chamber
preheats by the afterburner reachgb0 F (680 C) in about 30 to 45 minutes prior to ash

removal. When the body container is introduced into the combustion chamber, and the burner is
ignited, cremation begins at about 1600 to 1800 F (870 to 980 C). Flame impingement on the
body takes twdo three minutes; cremation occurs for about two hours. The remains are then
raked towards the ignition burner for about two minutes. dowln follows for 45 minutes to

1.5 hours.

Pollutants
HAPs (Criteria Pollutants were not calculated)

Method and
Data Sources
The method used to calculate emissions, is pr
National Toxics Inventory for Area Sourceso p

2001) and distributed by U.S. EPA Emissions, Monitoring andlysis Division, Emission
Factor and Inventory Group.

Activity

In Marylandcrematories are regulated under COMAR. COMAR now requires all
crematories to obtain a permit to operate and any person who owns or operates an
crematory must obtain certification from MDE and renew the certification annually.

MDE/ARA maintains a regisgrof all crematories within the State. Because of the
requirement for a permit to operate, and the operator certification requirements, staff used
the sum of the crematories in the registry as representing the total area source emissions
from crematoriesf all types emitting less than 10 tons/VOC, 100 tons/yr CO and 50 tons
per year NQ.
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Emission Factors

Emission factors these hazardous air pollutants, except formaldehyde, were taken from the
State of California Air Resources Board Test Report N6OO04*. The emission factor

used for formaldehyde was reported in the USEPA FiR#stem database.

Emission factors were converted to a pound per ton basis using the procedure provided by
the Emission Standards DivisiSn National activity was prodied by the Emissions

Standards Division based on an assumed body weight of 150 pounds and information
reported by the Cremation Association of North Ameéritiaat 21.13 percent of bodies

were cremated and that there were 2,322,265 deaths in the UniteliStEO96°.

Animal and Human Crematio

Pollutant Emission Factor

Lbs. poiutant/ ton cremated
arsenic 4.00e04
beryllium 1.84E05
cadmium 1.48E04
chromium 3.99E04
formaldehyde 2.89E09
nickel 5.09E04
POM as 16PAH 9.63E04
POM as7-PAH 1.03E09
Mercury 4.39E02

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.
Adjustments

for Controls

No controls are available for this source category.

54 State of California Air Resources Board, Engineering Evaluation Branch, Monitoring and Laboratory Division.

AEval uation Test on Two Propane Fired Cr e@®00d.ri es at C.
October 29, 1992

55 U.S. EPA. Factor Information Retrieval (FIRE) System Database, Version 5.1a. Research Triangle Park, NC.
September 1995.

56 Crume, Richard, U.S. EPA, Emission Standards Division. Note to Anne Pope, U.S. EPA/Emissionsigonitori

and Analysis Division. Comments on Human and Ani mal C
Inventory of HAP Emissions from MACT Sourceé$ nt er i m Fi nal Report, o September

57 Cremation Association of North Americd996 Statistics as found on the Internet Cremation Society, Cremation

Stats Nationwide webpage: www.cremation.org/stats.htm

®Ventura, S. et al. fABirths and Deaths: United States,
Supplement 2. Setpeer 11, 1997. U.S. Department of Health and Human Services, Centers for Disease Control

and Prevention, National Center for Health and Statistics.
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Spatial and
Temporal
Allocations

Spatial
Data forspatial allocation is not available for this source.

Temporal

A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

The equation for estimating emissions from crematories is:
TONw* EF
Ecrem = ———
2000
Where:
Ecrem = Annual emissions from crematories
TON«y = Tons cremated per year in county
EF = Emission Factor per pollutant (Ibs/ton)

2011 Sample Calculation (Harford County)

Arsenic Annual Emissions:

_ TONwy* EF
Ecrem= ———
2000
TONy = 226.67
EF = 0.0004 Ibs Arsenic/Ton Cremated
_ (226.67) x (0.0004)
Ecrem = (2000 Ibs/ton)
Ecrem = 4.53E05 tons Arsenic per year
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4.1.5.7 Municipal Solid Waste Landfills
SCC: 26 20 030 000

Description

Municipal solidwaste landfills receive household and commercial trash. VOC emissions are
produced from volatilization, chemical reaction and biological decomposition of waste. Methane
and Carbon dioxide are the primary constituents of landfill gas, and are produced duri

anaerobic decomposition of cellulose and proteins in thefideaiwaste. 98.7 percent of

landfill emissions are methane and carbon dioxide according ¥olaéle Organic Compounds
Species Data Manuan EPA publication. In addition to methanel aarbon dioxide, nen

methane organic carbons (NMOCS) are produced as a small fraction of the landfill gas emissions
(less than 1%). NMOCs include hazardous air pollutants and reactive VOCs.

Pollutants
VOC

Method and
Data Sources

The method used to calctdaemissions, is presentedAR-42, Chapter 2.4, Municipal Solid
Waste Landfills and EII¥, Volume IlI, Chapter 15, Landfills, dated September 1997.

Emission estimation assumptions were also made using supporting documents Standards of
Performance for New Stationary Sources (NARA, 1991a) and Emission Guidelines for Control
of Existing Sources (NARA, 1997b).

To estimate emissions for the various compounds present in landfill gas, total landfill gas
emissions must first be estimatedmiBsions of landfill gas were calculated using a computer
program known as the Landfill Gas Emissions Model (LandGEM 3.02). The model equation is as

follows:

F

e kL [—M‘ ] e
= = e L
n-_.-’CHd Jr:n-l [ 1 0

=1

Where:

QcHa= annual methane generation in the yeahefcalculation (atyear)
i =1 year time increment

n = (year of the calculation)(initial year of waste acceptance)

j = 0.1 year time increment

k = methane generation rate (year

Lo= potential methane generation capacity/khg)

59 Emission Inventory Improvement Program

Maryland Marginal Ozone Nonattainment Areas
2017Emissions Inventorylethodology Page |138



Mi= mass of waste aepted in theryear (Mg)
ti = age of theyjsection of waste massi Btcepted in theniyear (decimal years, e.g.,
3.2 years)

Site-specific landfill information is generally available for variab\és n, andij. A more
detailed explanation on how to run the model can be found in the LandGEM 3.02 Users Guide at
http://www.epa.gov/ttncatcl/dirl/landgev802-guide.pdf.

Landgem Model Parameters AP42 Default Values

Lo : 100.00 M/ Mg Methane Generation Potential
k : 0.0400 1/yr Decay Rate/Rate of Decomposition
NMOC : 595.00 ppmv Non-methane Concentration

Methane : 50.00 % volume
Carbon Dioxide : 50..00 % volume

Activity
Data was obtained from MDE®6s Sddcilites Waste Pr
directly.

Emission Factors
All factors are incorporated into the LandGHEhbdel

Point Source
Adjustments

Thirteen municipal solid waste landfills were considered point sources and LandGEM model
runs for these landfills were done, ligep out of the Area source emission estimates.
Emission reductions were calculated for landfills that used control technology to reduce
emissions.

Adjustments for
Controls

Controlled emissions from landfills were calculated in the following manner:

Equation:

Econvir = {Euncir X (AT Cerl)} + {E uncir X CerrX [17 (D errx RE)]}
Where:

Econir = Controlled emissions from landfills

Euncie = Uncontrolled emissions from landfills (generated from the LandGEM model)
Cerr = Landfill collection efficiency (EPA default = 75%)

D err = Control device destruction efficiency (98%)

RE = Rule effectiveness (EPA default 80%)
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Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

4.1.6 Small Stationary Source Fossil Fuel Use
4.1.6.1 Small Electric Utility Boilers
All small electric utility boilers are inventoried in the point source category. The list of small

boilers frominventory of Power Plants in the United State®E/EIA-0095(88) was obtained
and indicated that all small electric boilers were includederptiint source inventory.

4.1.6.2 Other Fuel Consumption

Coke and process gas emissions will be inventoried as point sources.
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4.1.6.3 Fuel Oil Combustion

SCC: 21 04 011 000 (residential kerosene)
21 03 011 000 (commercial/institutional kerosene)
21 04004 000 (residential distillate oil)
21 03 004 000 (commercial/institutional distillate oil)
21 03 005 000 (commercial/institutional residual oil)

Description

Data collection for fuel oil consumption covers the use of both distillate and residual oil.

Distillate oil includes fuel oil grades 1,2 and 4. Diesel fuel and kerosene also can be considered
as distillate oils. Residential and commercial/institutionatsesiare the largest consumers of
distillate oil, nationwide. Residual oil includes fuel oil grades 5 and 6. In most areas residual oil

is not used by residential sources, but industrial and commercial/institutional users may consume
significant amounts.

Pollutants
PMio, PMzs, SOx, NOx, CO, VOC
Method and

Data Sources

Activity

Total sales statistics of kerosene, distillate oil, and residual oil in the State of Maryland
were obtained from the Annual Report on Sales of Fuel Oil and Kerosene pblighed
by Energy Information Administration, U.S. Department of En&tgy

Emission Factors
Uncontrolled Emission Factors i AP-42 Tables 1.3-1 and 1.3-3 (handfed units)

Residential | Residential | Commercial | Commercial Commercial Commercial
Distillate Kerosene Distillate Kerosene Residual Residual 1% S
Ibs/Kgal Ibs/Kgal Ibs/Kgal Ibs/Kgal Ibs/Kgal Ibs/Kgal
PM10-FIL 1.080 1.080 1.080 1.080 13.494 7.703
PM2.5-FIL 0.830 0.830 0.830 0.830 5.011 2.861
PM-CON 1.300 1.300 1.300 1.300 1.500 1.500
NH3 1.000 1.000 0.800 0.800 0.800 0.800
SO2 43.200 41.657 43.200 41.657 318.000 159.000
NOX 18.000 18.000 20.000 20.000 55.000 55.000
CO 5.000 5.000 5.000 5.000 5.000 5.000
VOC 0.713 0.713 0.340 0.340 1.130 1.130

60 Total residential distillate oil use in the State of Marylang0d1 from U.S Department of Energy, Energy

Information Administration, Office of Oil and Gas, Petroleum Marketing Monthly, "Annual Report on Sales of Fuel
Oil and Kerosene, 2011".
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Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial

This information on total sales of kerosedstillate oil and residual oil was broken down
to the county level using a spatial allocation factor documented and recommended by
ElIP%%in an Area Source Method Abstract for Residential and Commercial/Institutional
Fuel Oil and Kerosene combustion.

Temporal 1
SAF was applied to emissions and were averaged according to period of operation t
daily estimate.

MDE developed an allocation factor from local and state totals of annual hdatinee
days and population with fuel oil to spatially allocatelfoil consumption. The method is

A Ahehddgmege dayo i s a unit of measure used
24-hour period. Daily heatingegree days are calculated as the difference between the

base value of 65°F and the mean tempeediurthe day (mean of the high and low
temperatures for the day).

Annual heating degree days are the sum of the daily heating degree days. Heating degree
data is available from the National Oceanographic and Atmospheric Administration
(NOAA).52

H D D InventoryCDunty* PO anentory(bunty

a ( H DDCounty* PO PCountQ

AllCountisInState

SAFrnventory(I)unty =

61 Emissions Inventory Improvement Program (EIIP) Area Source Method AbstResidential and
Commercial/lnstitutional Fuel Oil and Kerosene Combustion, dated April 2011.

62 http://www.noaa.gov (home page) or http://www.ncdc.noaa.gov/ol/climate/climateproducts.htmlfeta st
of available data)
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Where:
SAF inventorycounty = Spatial apportioning factor for inventory county
HDD inventorycounty = Annual heating degree days for inventory county
POPnventoryCounty Population of the inventory county
HDD county Annual heéing degree days for each county in the state
POPcounty Population for each county in the state

The spatial apportioning factor is used to allocate the state fuel total to the county level using
the following equation:

Fuelinventory county= SAF INVENTORY counTy X FueltoTaL sTaTE

Where:
Fuelinventory county= Total Fuel consumed annually in the inventory county
FueltoraL staTe = Total Fuel consumed annually in the state
Temporal 2

Kerosene, distillate oil, and residual oil are almost entirely used for space heating. MDE
made the assumption that the amount of fuel consumed in a county over the course of a
month is proportional to the number of heat degree days in that county footttle.

The total amount of fuel consumed in the county annually is allocated from state totals
using the following formula.

Fue |nvent0ry(buntyAnnuh = S ARnventoryounty Fue Irotaistat

Where:
Fuelinventroycountyannuai=  Total Fuel consumed annually in the inventory county
Fueltotastate = Total Fuel consumed annually in the state

The amount of fuel consumed in a month per county is proportional to the number heat
degree days for the month in the county divided by the total number heat degree days for
the year in the county.

H DDInventorbeunty— Month

FU e |nvent0ry(buntyPerManth = Fuelnventory(DuntyAnnua*
DDInventoryCDunty- Annual
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Emissions
Calculation
Activity Data Gathered

1 Total amount of fuel (kerosene, distillate oil, and residual oil) consumed in the
state.

1 Number of heat degree days per county per month for the year of the inventory.

Calculate Spatial Apportioning Factor

H D D InvemoryCDunty* PO anentory(bunty

a ( H DDCounty* PO PCountQ

AllCountisInState

SAanentory(I)unty =

Apportion State Fuel Consumption to the County Level

Fi.cty = SAFcry x Fst (see Appendices)

Where

Fi-cty = Fuel type | consumed in county

SAFcTy = Spatial apportioning factor for inventory county
Fst = Total fuel consumed in the state.

Calculate Annual Emissions

Emissions were calculated in tons/year for residential, commercial and industrial categories
from each type of fuel combustion usindldaving equations.

EMRg = (Fi-ctv X EFR) / 2000

Where
EMr = Emissions from residential category.
Fi-cty = Total annual residential sales of fuel i in the county.
EFr = Residential emission factor for fuel i from AR
EMc = (Fi-ctvy X ERc) / 2000
Where
EMc = Emissions from commercial/institutional category.
Fi-cty = Total annual commercial/institutional sales of fuel i in the county.
ERce = Commercial emission factor for fuel i from AR2.
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Residential Distillate Oil Combustion Sample Calculation (Baltimore City)

Residential Distillate Oil Consumed State of Marylang, 233 kilogallons
Spatial apportioning factor for Baltimore City:

HDD Baitimore City X POPUnits Heating Baltimore Cit?/4
a aLL counTies IN sTATE (HDD county X POPunits Heating Stage

0.089899

SAF Baitimore City -

SAF Baltimore City

To calculate the total annual kilogallons of distillate oil used in city of Baltimore for residential
space heating:

Fuelgatimore city = SAF gattimore cityX FueltoraL state
Fuelgaitimore City 0.08989% 6,143,000
Fuelgaitimore city 552.25kilogallons

Annual Emissions Calculation

E Baltimore Cityi Res-voc = Fuelgaitimore ciyX EFvoc
E Battimore cityi Res-voc = 552.25x 0.713

E Baltimore Cityi Res-voc = 393.75lbs voc / year

E Baltimore cityi Res-voc = 0.1969tonsvoc / year

All pollutants (PM, SOx, NOx, VOC, and CO) are calculated in a similar manner.

Commercial and industrial emissions from this source category are calculated in a similar
manner with the exception that the number of days in an ozonensgestges from 214 for
residential to 168r commercial and industriaResidential ozone season days are based on 7
days per week activityCommercial and industrial ozone season days are based on 6 days per
week activity.

83 From EIA: Adjusted Sales fdResidential End Use: Distillate Fuel Oil and Kerosene, 2011 (Thousand Barrels)
64 Population data from the U.S. Bureau of the Census, The Maryland Department of Planning.
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4.1.6.4 Coal Combustion
SCC: 21 04 002 000 (Residential Coal)
SCC: 21 03 002 000 (Commercial/Institutional Coal)

Description
Residential
Coal

This source category covers air emissions from coal combustion in the residential sector.
Bituminous coal, mined here in Maryland, represents the bulk of the coal used residentially for
space heating in the State. Although mined nearby in Pennsyleauidyravailable, and

cleaner burning, anthracite coal is not used much in Maryland because of its expense.

Pollutants
PMaio, PMp 5, SOx, NOx, CO, VOC

Method and
Data Sources

Activity
The following assumptions were made in the computation of emissmnscbal
combustion from the residential sources.

() Number of Dwelling Units using Coal

The number of dwelling units using coal for space heating for 2011 was obtained from 1990
Census Profile Series, Social and Economic Characteristitgpaflation and Housinghe
number of new housing units authorized for construction between 1990 and 2011 was
obtained from the Maryland Office of PlanningdNew Residential Units Authorized for
Construction by Building Permit&itp://www.op.state.md.usMDE estimated that no new
housing units would be equipped to burn coal as a home heating fuel.

COMAR 26.11.09.04 prohibits the use of solid foerning equipment that has a rated heat
input of less than 35 ithibn BTU per hour.

(i) Residential Coal Activity Consumption Data

The State Energy Data Report, Consumption Estimates, by the Energy Information
Administration, provided information on estimated coal consumption. The report indicates
that in Maryland mosgl bituminous coal was used in 2011. It was assumed, therefore, that
bituminous coal was consumed by most of the Haed residential coal sources in the State
of Maryland.
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Emission Factors

Emission factors were obtained frgkR-42, Tables 1.13 and 1.14 (Residentiahandfed
units) and PM2.5 from ERTAC

Coal Emission Factors
NOx CO VOC PM10-PRI | PM2.5-PRI S02
(Ibs./ton) (Ibs./ton) (Ibs./ton) (Ibs./ton) (Ibs./ton) (Ibs./ton)
Residential 9.1 275 10 6.2 3.84 37.2
Marylandbs 2008 average sulfur content in coal

Profiles 2008, March 201thble 6. page 124
AP42 Table 1.419 (hand fed units) Emission factor SO2 = 31S
In formula S = 1.2, such that SO2 EF =31*1.2 = 37.2 Ib/ton

Point Sourae
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial

MDE developed an allocation factor from local and di@it&#ls of annual heatirdegree

days and housing units heating with coal to spatially allocated coal consumption. The
method is documented and recommended by°EitPan Area Source Method Abstract for
natural gas and LPG combustion. Because the emifgitor was specifically adjusted to
reflect seasonal emissions through heating degree days, no further seasonal adjustment
factor is necessary.

A Ahedhdgmege dayo is a unit of measure
24-hour period. Dailyheatingdegree days are calculated as the difference between the
base value of 65°F and the mean temperature for the day (mean of the high and low
temperatures for the day).
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Annual heatingdegree days are the sum of the daily heatiegree days. Heatirdggree
data is available from the National Oceanographic and Atmospheric Administration
(NOAA).%6

H DDInventoryCDunty* CH UInventoryCDunty

a (H DDCounty* CH UCount))

AllCountisInState

SAFrnventowQJunty =

Where:
SAF INVENTORY COUNTY
HDD INvENTORY COUNTY

CHU |NVENTORY COUNTY
HDD county
CHU counTy

Spatial apportioning factor for inventory county

Annual heating degree days for inventory county
Housing units using coal in inventory county

Annual heating degree days for each county in the state
Housing units using coal for each countyhe state

The spatial apportioning factor is used to allocate the state fuel total to the county level using
the following equation:

Coal INvENTORY COUNTY SAF InvENTORY counTy X CoaltoTaL sTATE

Where:

Total Coal fuel consusd in the inventory county
Total Coal fuel consumed in the state.

Coal INvENTORY COUNTY
CoaltoTaL sTATE

Temporal

MDE assumed that all residential coal combustion is used for space heating purposes. The
total coal consumed in the county can be allocated by month or period using proportions of
annual and monthly (or period) heatidggree daysAlso, a SAF was appleeto

emissions and were averaged according to period of operation to a daily estimate.

HDD wmonTH
HDD anNuAL

Residential FuelionTH = Residential Fuelnnua X

Where:
Residential FualionTH
Residential Fuednnual
HDD monTH
HDD anNuAL

Space heating fuel use for inventory month
Space heating fuel use for inventory year
Heating degree days for inventory month
Heating degree days for inventory year

%6 http://www.noaa.gov (home page) or http://www.ncdc.noaa.gov/ol/climate/climateproducts.htmifeta Sst
of available data)
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Emissions

Calculation
Equation:
£ _ (EF coaLi X CoaliNvENTORY COUNTY)
COALR 2000
E coaLr = Yearly emissions from residential coal combustion
EF coaLi = Emission factor for coal combustion foollutant i

Residential Coal Combustion Sample Calculation (Allegany County) (tons / year)

Total Residential Coal ConsumptiorState of Maryland 2,000 tons
To calculate spatial apportioning factor for Allegany County:

HDD inventory county X CHU INVENTORY COUNTY

SAF ALLEGANY COUNTY = ”
a ALL counTies IN sTATE (HDD county X CHU counTy)

SAF ALLEGANY COUNTY = 0.2013417
To calculate tons of coal used in Allegany County:
Residential CoalLLEcaNY counTY SAF aLLEGANY counTy X CoalToTaL sTATE

Residential Coali Ecany county = 0.201341% 2,000
Residential CoalLLecany counTy = 402.68 tons

Equation:
Residential Coal SO2 Emission Calculation for Allegany County

(EF coaL so2 X CoalaLLEGANY COUNTY)

Ecoar = 2000

E _ (37.2 x 402.68)
COALR -— 2000

Ecoar = 7.490 tonsso2year
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Description -
Commercial and
Institutional Coal

Commercial and Institutional sources of coal combustion above the point source threshold are
included in the point sourgeortion of the inventory. The following table lists area source
emissions from commercial and institutional sources smaller than the threshold values.

Methods and
Data Sources

The following assumptions were made in the computation of emissions frorooalailistion
from the commercial and institutional sources not included in the point source inventory.

Activity
(i) Coal Consumption Data

The State Energy Data Report (SEDR) estimated that approxirBat@§Otons/year of total
coal was used commercially by Maryland in 2011.

(i) Number of Dwelling Units using Coal

The number of dwelling units using coal for space heating for 2011 wa®deddtom

1990 Census Profile Series, Social and Economic Characteristics of Population and Housing.
The number of new housing units authorized for construction between 1990 and 2011 was
obtained from the Maryland Office of PlanningNew Residential Un& Authorized for
Construction by Building Permitéitp://www.op.state.md.usMDE estimated that no new
housing units would be equipped to burn coal as a home heating fuel.

COMAR 26.11.09.04 prohibits the usésolid fuetburning equipment that has a rated heat
input of less than 35 million BTU per hour.
Emission Factors

EMISSION FACTORS WERE OBTAINED FROM AR2, TABLES 1.13 AND VOCS
(TNMOC) TABLE 1.1-19 (AVERAGE OF OVERFEED AND UNDERFEED STOKER). PM10
AND PM2.5 EF ON TABLES 1.1410 AND 1.311

Coal Emission Factors

NOx CO VOC PM10-PRI | PM2.5-PRI S02
(Ibs./ton) (Ibs./ton) (Ibs./ton) (Ibs./ton) (Ibs./ton) (Ibs./ton)

Commercial /
Institutional 8.5 8.5 0.675 6.1 3 41.4
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Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial
Spatial temporal allocatiano this source category were calculated in the same manner as
the residential coal combustion category.

Temporal

Spatial and temporal allocatisto this source category were calculated in the same
manner as the residential coal combustion category.

Emissions
Calculation

Commercial Coal Combustion Sample Calculation (Allegany County) (tons / year)

Total Commercial Coal ConsumptidrState of Maryland 16,000 tons
To calculate spatial apportioning factor for Allegany County:

HDD inventory county X CHU invENTORY cOunTY
a ALL counTies IN sTATE (HDD county X CHU counTy)

SAF ALLEGANY COUNTY =

SAF ALLEGANY COUNTY = 0.351336

To calculate tons of coal used in Allegany County:

Commercial CoakLLegany county =  SAFaLLEcANY county X CoaltoTaL sTATE
Commercial Coakitecany county = 0.351336x 16,000
Commercial CoalLLegany county = 5,621.380ons
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Equation:
Commercial Coal VOC Emission Calculation for Allegany County

(EF coaLvoc X CoalaLLEGANY cOuNTY)

Ecoac = 2000
- B (0.675 x5,621.39
COALC =
2000
Ecoac = 1.897 tons/oc year
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4.1.6.5 Natural Gas Combustion
SCC: 21 04 060 000 (Residential Natural Gas)
SCC: 21 03 060 00QCommercial/Institutional Natural Gas)

Description

This source category covers air emissions from natural gas combustion in the residential and
commercial/institutional sectors for space heating, water heating, and cooking. This category
includes small boilers, furnaces, heaters and other heating unigseh®ot inventoried as point
sources. Residential and commercial sectors comprise housing units; wholesale and retail
businesses; health institutions; social and educational institutions; and Federal, state and local
government institutions (e.g., milifainstallations, prisons, office buildings). Natural gas is one

of the major fuels used throughout the country. It is used mainly for power generation, for
industrial process steam and heat production, and for domestic and commercial space heating. It
is also used for domestic cooking and hot water heating.

Pollutants
PMio, PMs, SOx, NOx, CO, NH3, VOC

Method and
Data Sources

The following assumptions were made in the computation of the emissions from natural gas
combustion.

Activity
() Number ofDwelling Units using Natural Gas

The number of dwelling units using natural gas for space heating for 2011 was developed
from 1990 Census Profile Series, Social and Economic Characteristics of Population and
Housing. The number of new housing units autteat for construction between 1990 and
2011 was obtained from the Maryland Office of PlannimMgew Residential Units

Authorized for Construction by Building Permitgttp://www.op.state.md.usT he total

number & additional housing units constructed in the county was apportioned to type of
home heating fuel by the same ratio as the 1990 Census figures.

(i) Residential and Commercial/Institutional Natural Gas Consumption Data

Total residential and commercial/instional natural gas consumption data in the State of
Maryland for 2011 was obtained from surveying the following companies: Baltimore Gas
and Electric Constellation Energy GroypWashington Gas Energy Services (Maryland
Division), Chesapeakigtilities Corporation, Columbia Gas of Maryland, Easton Utility
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Commission, and Elkton Gas Company. The companies provided natural gas sales
statistics for the year 2011 in therms or cubic feet for all counties in their service area for
the residential, @anmercial, and industrial categories. These statistics were then converted

into million cubic feet using a conversion factor of 1 therm equals 100 cubic feet.

Emission Factors
(iif) Emission Factors Natural Gas

Emission factors for residential natural gasne from 2008 Emission Inventofyata &

Documentation{ttp://www.epa.gov/ttn/chief/net/2008inventory.htyMllonpoint section

for Residential Heating: Natural Gas factors for combustiaratifral gas in commercial
boilers are presented in Table-IL4nd 1.42 of Section 1.4 oAP-42. Commercial factors
came from the ICI Workbook on the same website created by EPA and ERTAC committee
through a joint study.

Natural Gas Emission Factors

Nox CcO VOC PM 10 PM 2.5 NH3 Sox

(Ibs./1C scf) | (Ibs./1C scf) | (Ibs./1® scf) | (Ibs./1® scf) | (Ibs./1® scf) | (Ibs./1C scf) | (Ibs./1C scf)
Residential 94 40 55 0.2 0.11 20 0.6
Commercial 100 84 55 0.2 0.11 0.49 0.6

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial

The natural gas survey of suppliers provided MDE wahnty totals for natural gas
consumption. Therefore MDE did not have to use an allocation factor derived from local
and state totals of annual heating degree days and housing units heating with natural gas to
spatially allocated natural gas consumptiothie county level for most of the counties.
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Temporal

In addition to space heating, natural gas is often used for cooking and water heating. For
ozone and other seasonal inventories, consumption for cooking and water heating may be
assumed to be constahtough the year, but fuel used for space heating must be
apportioned according to heating negd§SAF was applied to emissions and were

averaged according to period of operation to a daily estimate.

To separate residential space heating natural gagedsom cooking and water heating,
MDE used data from the State Energy Data Report, Consumption Estimates, Energy
Information Administration, Office of Energy Markets and End Use, U.S. Department of
Energy. Specifically data was collected from Tablé MNatural Gas Deliveries to
Residential Customers, by State, 1298.1. The residential deliveries for the month with
the lowest deliveries can be assumed to be only for cooking and water heating. The
percentage of residential natural gas consumption fdieg@nd water heating may then
be calculated:

Annual NonSpace  _ 12 * Lowest Monthly Fuel Use 100
Heating Percent Annual Fuel Use

Annual NonSpace  _ 12 * 1635 100
Heating Percent 80,447

Annual NonSpace
Heating Percent

24.389 %

The annual noispace heating percent can be calculated in a similar manner for
commercial/institutional natural gas usage. The percentage of commercial/institutional natural
gas consumption for nespace kating may then be calculated:

Annual NonSpace  _ 12 * Lowest Monthly Fuel Use 100
Heating Percent Annual Fuel Use

Annual NonSpace  _ 12 * 2440 %100
Heating Percent 65323

Annual NonrSpace
Heating Percent

44.823 %

Thispercent age may be applied to the inventor
commercial/institutional natural gas consumption to calculate thespace heating

portion of usage. This portion can be subtracted from the annual total, and the remaining
consumgion, which is being used for space heating, can be allocated by month or period

using proportions of annual and monthly or period heating degree Abgs.emissions

were averaged according to period of operation to a daily estimate. See section 2.2.1.1

HDD monTH

Space Heat Fuglonth = Space Heat Fuaknua X
HDD annuaL
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Where:

Space Heat FuglonTH

Space Heat Fugknua.
HDD wmonTH
HDD annuaL

Space heating fuel use for inventory month
Space heating fuel use for inventory year
Heating degree days for inventory month
Heating degree days for inventory year

Emissions
Calculation

Emission Calculatioil Residential Emissions

Equation:
£ (EF Natcase X NG;)
NatG
atGas 2000
Enatcas = Yearly emissions from natural gas combustion
EF NatGasp = Emission factor for natural gas combustion for pollutant i
NGi = Natural gas consumed for county i

Total Residential Natural Gas ConsumptioBaltimore City’ 13,700.31 M ft

Total Natural Gas Delivered (M ft®)
Residential Commercial
State of Maryland 77,411.73 61,737.32

(EF NatGasvoc X NGBato.City)

ENatGas =

2000
£ 3 (5.5 x 13,700.31)
NatGas - 2000
ENatGas 37.68 tons/oc year

The same equation and methodology can be used to estimate emission of various pollutants.

3 Natural gas consumption data gathered from MDE stirnigitimore County data from BGE
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4.1.6.6 Liquefied Petroleum Gas Combustion
SCC: 21 04 007 000 (Residential LPG)
SCC: 21 03007 000 (Commercial/Institutional LPG)

Description

This source category covers air emissions from liquefied petroleum gas (LPG) combustion in the
residential and commercial sectors for space heating, water heating, or cooking. LPG includes
propane, proglene, butane, and butylenes. The product used for domestic heating is composed
primarily of propane. This category includes small boilers, furnaces, heaters and other heating
units that are not inventoried as point sources. Residential and commertcied semprise

housing units; wholesale and retail businesses; health institutions; social and educational
institutions; and Federal, state and local government institutions (e.g., military installations,
prisons, office buildings).

Pollutants
PMio, PMs, SOx, NOx, CO, NH3, VOC

Method and
Data Sources

The following assumptions were made in the computation of the emissions from liquefied
petroleum gas (LPG) combustion.

Activity
1. Number of Dwelling Units using LPG

The number of dwelling unitssing LPG for space heating for 2011 was developed from
1990 Census Profile Series, Social and Economic Characteristics of Population and
Housing. The number of new housing units authorized for construction between 1990 and
2011 was obtained from the M#apd Office of Planning New Residential Units

Authorized for Construction by Building Permitgttp://www.op.state.md.usT he total

number of additional housing units constructed in the county was apportomtyge tof

home heating fuel by the same ratio as the 1990 Census figures.

2. Residential and Commercial LPG Activity Consumption Data

Total residential and commercial LPG consumption data for space heating in the State of
Maryland (LPGst) for 2011 were btained from State Energy Data Report, Consumption
Estimates, Energy Information Administration, Office of Energy Markets, and End Use,
U.S.Department of Energy.
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Emission Factors
Emission factors for LPG came from 2008 Emission Inventory Data & Docutienta
(http://www.epa.gov/ttn/chief/net/2008inventory.hillonpoint sectiondr Residential

Heating: LPG Corbustion Table 1. Commercial factors came from the ICI Workbook on
the same wedite created by EPA and ERTAC committee through a joint study. Factors
have been rounded to one and two decimal places.

LPG Emission Factors
NOx co VOC | PM1O-FIL |PM25FIL | NH3 S02
(Ibs./kbbl) | (Ibs./kbbl) | (Ibs./kbbl) | (Ibs./kbbl) | (Ibs./kbbl) | (Ibs./kbbl) | (Ibs./kbbl)
Residential | 562.8 159.6 21.91 0.8 0.44 1.95 2.39
Commercial 597.66 334.74 21.84 0.84 0.42 2.1 2.52

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial

MDE developed factarfrom local and state totals of annual heating degree days and housing
unitsthatheat with liquid propane gam® spatiallyallocateliquid propane gas consumption.
The method is documented and recommended by$HtRn Area Source Method Abstract
for natural gas and LPG combustion.

A Aheat.i

ng

degr ee

dayo

i s

a uni-t

of

measur e

hour perod. Daily heating degree days are calculated as the difference between the base
value of 65°F and the mean temperature for the day (mean of the high and low temperatures

for the day).

68 Emissions Inventory Improvement Pragn (ElIP) Area Source Method AbstréciNatural Gas and LPG

Combustion, dated 2011
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Annual heating degree days are the sum of the daily heating degedi@ating degree data
is available from the National Oceanographic and Atmospheric Administration (NESAA).

HDD inventory county X LP-HU invENTORY counTY
a aLL counTies IN sTATE (HDD county X LP-HU county)

SAF INVENTORY COUNTY =

Where:
SAF INVENTORY COUNTY
HDD INvENTORY COUNTY

LP-HU invenTORY counTy
HDD county
LP-HU county

Spatial apportioning factor for inventory county

Annual heating degree days for inventory county
Housing units using LP gas for inventory county
Annual heating degree gy for each county in the state
Housing units using LP gas for each county in the state

The spatial apportioning factor is used to allocate the state fuel total to the county level
using the following equation:

LPG invenTorRY county =  SAF INnvENTORY counTy X LPG TOTAL STATE

Where:
LPG INVENTORY COUNTY
LPG toTAL STATE

Total LPG fuel consumed in the inventory county
Total LPG fuel consumed in the inventory county

Temporal

In addition to space heating, liquid propaneigasften used for cooking and water

heating. For ozone and other seasonal inventories, consumption for cooking and water
heating may be assumed to be constant through the year, but fuel used for space heating
must be apportioned according to heating sBeB4F was applied to emissions and were
averaged according to period of operation to a daily estimate.

Emissions
Calculation
(EF LPGp X LPGCountyi)
E Lrai =
2000
E Lrai = Yearly emissions from liquid propane gas combustion in county i
EFLpGp = Emission factor for LPG combustion for pollutant p
LPGcounty i = LPG consumed for space heating in county i

69 http://www.noaa.gov (home page) or http://www.ncdc.noaa.gov/ol/climate/climateproducts.htmlfeta st
of available data)
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2011 Residential LPG Combustion Sample Calculatiaitimore City) (tons/year)

Total Residential LPG ConsumptidrState of Maryland 2,023 thousand barrels (kbbl)
To calculate spatial apportioning factor for Baltimore City:

HDD inventory county X LP-HU invENTORY counTY

SAF BALTIMORE CITY = "
a aLL counTies IN sTATE(HDD county X LP-HU county)

4,705 x 2,080

SAF BALTIMORE CITY = 300.519.851

SAF BALTIMORE CITY = 0.032565

To calculatehousand barrelsf liquefiedpetroleum gas (LPG) used in Baltimore City:

Residential LPGaitivorecity =  SAF gaLTiMoRE city X LPG toTAL STATE
Residential LPGaLtivorecry = 0.032565¢ 2,023
Residential LPGaLTivorecity = 65.88kbbl

Equation:
(EF LPG voc X LPGcounty i)

E Lrai =

2000

(21.91 x 65.88)

E Lrai =

2000

EirGi = 0.7217 tonsoc per year
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4.1.6.7 Wood Combustion
SCC:
2104008100
2104008210
2104008220
2104008230
2104008310
2104008320
2104008330
2104008400
2104008510
2104008610
2104008700
2104009000

Description

Fireplace: general

Fireplaces: Insert; neBPA certified

Fireplaces: Insert; EPA certified; naatalytic
Woodstove: fireplace inserts; EPA certified; catalytic
Woodstove: freestanding, n&PA certified
Woodstove: freestanding, EPA certified, pcatalytic
Woodstove: freestanding, EPA certified, catalytic
Woodsbve: pelletfired, general (freestanding or FP insert)
Furnace: Indoor, cordwosfited, nonEPA certified
Hydronic heater: outdoor

Outdoor wood burning (firgits, chimeas, etc)
Residential Firelogotal: All Combustor Types

This source category covers air emissions from wood combustion in the residential sectors
primarily for space heating and aesthetithe inventory includes emission estimates for indoor
wood-burning equipment (e.g. fireplaces, woodstoves, pstitetes, furnaces/boilers) and
outdoor woodurning equipment (e.g. outdoor fireplaces, fire pits, wib@dl barbecues,

chimneys).

Pollutants

NOx, CO, VOC, PMo, PMz25, NH3, SO2, and HAPs

Method and
Data Sources

Maryl andos

Resi dent isonhinvévitoy das Catculdbed $sing amew ERPAni s

emissions estimation tool called the, RWC TOOL. A detailed explanation of how activity data
and emission factors were developed in order to predict emissions for several states can be read
in Appendix X. A ollection of surveyed, census, housing tract, equipment use, and wood

burned data was used

in the tool along with

create an emissions profile for Maryland that can be used repeatedly with a few periotiis.upda

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.
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Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial

To produce countjevel temporal profileshe same process used to go from response

level profiles to grougevel profiles was used to go from group profiles to county profiles.
Activity or emissions for each census tract were assigned to each temporal unit based on
the tract level temporal proéis. These values were then summed across all tracts in the
county and normalized to give activity fractions.

Temporal

Temporal allocation profiles were also developed for this project using the residential
wood survey data. Profiles were first developed for each sample group. Activity (for
outdoor equipment) or emissions (for indoor equipment) for each respondent wlas divi

A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

The followingRWC methodology comes directisom E.H.PECHANmemo on how
emission calculations were made for the category.

CALCULATION METHODO LOGY AND UPDATES
The emissions from RWC are calculated using the Equation 1 below.
Ey=u x EFy x (1-CR) (Eq. 1)

Wherey is a specific pollutant and:

Ey = annual emissions (ton/year) for a specific appliance (or SCC);

u = annual activity (tons of fuel burned);

ER = emission factor (tons of pollutant emitted/mass of fuel used); and
CR = control factor.

Each of the terms in Equation 1 and their souacesxplained further below.

Activity (u): Methodologies for determining the activity varied by the type of RWC appliance.
Activity for the majority of appliance types was derived from census data.
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Fireplaces, Inserts, and Woodstoves

For thefirst method, which applies to fireplaces, fireplace inserts, and woodstoves, activity in
terms of tons of fuel burned was calculated based on several factors as shown in Equation 2
below.

u=Px AP x WBP x CP x UR x BR x D (Eq. 2)

Where:
P = Number ofoccupied housing units in a county in 2011;
AP = Percentage of occupied housing units for a specific appliance category (e.g.,

woodstoves used as main heating equipment, fireplaces without inserts used for other
heating, etc.);
WBP = Woodburning percerdgei percentage of wood burned for each purpose from AHS;

CP = Certification Profile- percentage of a specific appliance category per SCC (e.g., for
woodstoves: uncertified, certified catalytic, certified foatalytic);

UR = Urban or Rural adjustmentProfile adjustment based on county population density;

BR = Burn rate (cords/year); and

D = average density of the wood fuel burned.
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4.1.6.8 Commercial Cooking

SCC: 2302002100 (Conveyorized Charbroiling)

2302003000
2302002200 (Undefired Charbroiling)
24608000000
2302003000 (Deep Fatying)
2302003100 (Flat Griddle Frying)
2302003200 (Clamshell Griddle Frying)
Description

This source category covers air emissions from commercial cooking in the Maryland area(s).
These emissions (i.e. emissions from commerci
sources of commercial cooking emissions. In particular, emissions ofuteticnatter (PM) and

volatile organic compounds (VOCs) are the most significant. Of the cooking processes that have
been identified, charbroiling is th®Iltmost i mp
follows that this category includes the following meat sources: hamburger, steak, fish, pork, and
chicken. And the five equipment types: chdiven (conveyorized) charbroilers, undeed

charbroilers, deep fat fryers, griddles, and clam shealbigs.

Pollutants
PM, PM , PM_ , CO, VOC,HAPs
10 2.5

Method and
Data Sources

The recommended methods for calculating emissions and emission factors to commercial
cooking possessing sources was obtain firREECHAN Technical Memorandum (December
2003) ancEllP Web site Volume IllArea Sources document series methods and web link:
http://www.epa.gov/ttnchiel/eiip/techreport/volume03/charbroilingtechmemo 0B33%#
http://www.epa.gov/ttnchiel/conference/eil3/pointarea/roe.pdf

Activity

Total number of restaurantamefrom County Business Patterns 261aryland,

NAICS: 7221, FullService Restaurants and 72213, Limited Service Restaurants. Base

year 2010 Restaurants statistics for Maryl a
Census Bureau Internet Website address
(http://www.census.gov/epcd/cbp/view/cbpview.htrilable 3.7.1.8& shows CBP total

number of Marylandounty restaurast MDE staff calculated the percent of county

restaurant types (i.e. Ethnic Food, Fast Food, Family Food, and Seafood) reported in the

"0 Source: Adapted from PECHAN Decembef2@ommercial Cooking Processes Technical Memorandum.
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PECHAN Technical Memorandum. Table 3.7 h&hows the percent of each restaurant

type per county calculated from tRECHAN Technical Memorandum. This percentage

was applied to the total number of restaurants collected from the County Business Patterns
to determine the number of each type of restaurant facility in each éatintyable

3.7.1.8c gives average number of equipment pieces by restaurant type. Table®.7.1.8
shows average pounds of meat cooked on each type of equipment péibamedek).

And Table 3.7.1.& gives enission factors (Ib/ton meat).

Table 3.7.1.8a 20
Total Number of County
Rest.

NAICS Code
County Name 7221 & 72213
Allegany 57
Anne Arundel 423
Baltimore CO 500
Calvert 66
Caroline 13
Carroll 116
Cecll 66
Charles 90
Dorchester 20
Frederick 166
Garrett 30
Harford 150
Howard 210
Kent 34
Montgomery 733
Prince G 324
Queen An 45
St Marybéb 69
Somerset 14
Talbot 59
Washington 111
Wicomico 80
Worcester 189
Baltimore City 415

"t Source: Adapted from County Business Patterns (CBP) and U.S. Census Bureau 2010 reports.
3 Total may not be multiplier and divisional because of rounding.
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Table 3.7.1.8b Percent of Each County Restaurant Type

County Name Ethnic Fast Food Family Seafood Steak & Barbeque
Allegany 17 27 8 0 5
Anne Arundel 115 202 49 42 14
Baltimore CO 148 240 58 39 14
Calvert 15 27 10 10 3
Caroline 2 9 1 1 13
Carroll 23 69 17 4 3
Cecil 15 34 8 5 3
Charles 25 45 14 9 5
Dorchester 3 13 4 8 1
Frederick 44 79 29 11 3
Garrett 3 16 10 0 1
Harford 35 80 13 15 7
Howard 71 110 16 8 5
Kent 3 14 10 7 0
Montgomery 332 314 50 16 22
Prince Geor ¢ 97 168 24 20 16
Queen Annebod: 3 21 1 17 2
St Maryos 12 28 11 11 7
Somerset 0 6 3 5 0
Talbot 11 27 6 13 2
Washington 27 56 16 10 1
Wicomico 22 34 8 12 3
Worcester 46 80 19 35 9
Baltimore City 109 238 29 32 9

Note: Divide decimal numbers in Tal8€7.1.8b by 100 to change % into fraction values.

Table 3.7.1.& Percent of Restaurants with each type of cooking equipnfent

ChainDriven  Underfired Flat

Charbroilers ~ Charbroilers DeepFat Fryergd Griddles Clamshell Griddle
Restaurant Category (ufc) Rest (ufc) Rest. Rest. (fg) Rest. (cg) Rest.
Ethnic 3.5 47.5 81.9 62.7 4
Fast Food 18.6 30.8 96.8 51.9 14.7
Family 10.1 60.9 91.4 82.9 1.4
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Seafood 0 52.6 100 36.8 10.5
Steak & Barbeque 6.9 55.2 82.8 89.7 0
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Table 3.7.1.81 Average Number of Equipment Pieces by RestaurantType

ChainDriven CharbroilersUnderfired Charbroilergifc) Fryersff) Flat Griddles (fgClamshell Griddle

Restaurant Category (ufc) Rest
Ethnic 1.62
Fast Food 1.07
Family 1.71
Seafood 0
Steak & Barbecue 0

Rest.
1.54
1.58
1.29
1.1
1.63

DeepFat
Rest. Rest. (cg) Rest.
1.63 1.88 1.8
3.1 1.43 2.09
2.34 2.03 0
2.47 1.11 15
2.42 1.35 0

Table 3.7.1.8 Average Pounds of Meat Cooked on Each Type of Equipmehy&ak 2

(Ibs/week)
ChainDriven Underfired _ ]
Charbroilers Charbroilers ~ DeepFat Fryergaf) Flat Griddles (fg) Clamshell Griddles
Type of Meat (ufc) Rest (ufc) Rest. Rest. Rest. (co) Rest.
Steak 236 180 181 166 94
Hamburger 798 270 274 362 1314
Poultry, with Skin 147 144 365 88 113
Poultry, Skinless 266 179 208 111 108
Pork 57.6 148 58.6 112 118
Seafood 119 143 159 92.1 632
Other 0 415 274 57.5 0
Emission Factors
Table 3.7.1.8 Emission Factor (Ib/ton meat>
Equipment Typéfuel) SCC Meat/Food PM PM10 PM2.5CO NOX VOC
) Beef 16.2 15 14.2 327 4.8 9.4
Under fired .
charbroiler (charcoal ~ 2302002200 Beef (marinated) 19 184 174 3352 72 116
(ufc) Rest. Chicken (marinated) 196 188 18.2 3158 8.4 9
Hamburger (25%fat) 65.4 65.4 63.8 27.44 0 7.88
Under fired 2302002200 Stgak 344 344 33.6 9.94 0 1.72
charbroiler (natural Chicken (whole) 21.0 210 198 9.68 0 3.64
gas) (ufc) Rest. Seafood 6.6 6.6 6.4 0 0 0.76
Conveyorized
Charbroiler (natural 2302002100
gas) (cdc) Rest. Hamburger (21%fat) 148 148 146 16.58 0 4.54
2302003000  Shoestring potatoes 0 0 0 0 0 0.42
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Deep fat fryer (nature

gas) (dff) Rest.
2302003100
Griddle (electric) (fg)
Rest.
Doublesided
(clamshell)Griddle 2302003200

(electric) (cg) Rest.

Point Source
Adjustments

Breaded chicken 0
Breaded fish 0
Hamburger (24% fat) 10

Chicken (boneless breas 0

Seafood 0
Hamburger (24% fat) 1.7
Chicken 0
Seafood 0

No point source subtraction of emissions.

Adjustments
for Controls

No adjustments for controls in Maryland for this source.

Spatial and
Temporal
Allocations

Spatial

Data for spati al all ocat

Temporal

on

0 0
0 0
0.76 0
0.9 0
0 0
0 0
0 0
0 0
s the

0.24
0.28
0.14

0.8
0.22
0.02

0.1143
0.0318

number

A SAF was applied to emissions and were averaged according to period of operation to a

daily estimate.

Maryland Marginal Ozone Nonattainment Areas

2017Emissions Inventorylethodology

Page |169

o



Emissions
Calculation

The following steps were used to calculate commercial cooking emissions for Maryland:
i.  Multiply total restaurantsinacounty(e. from CBPs® data source)

of restaurant (i.e. froMECHANdocument) Table 3.2.68 and Table 3.2.6:8.

ii.  Multiply county-level facility counts by the fraction (i.e. percent) of restaurants with each
type of cookingequipmen{Table 32.6.8c).

iii.  Multiply number of restaurants with each type of cooking equipment by number of pieces
of equipment (Table 3.2.6@).

iv.  Sum number of pieces of cooking equipment across restaurant types.

v.  Multiply total summed number of pieces of cooking equipnpentrestaurant types by
average pounds of meat cooked on each type of equipment per week (Tablee}.2.6.8

vi.  Finally, multiply results from v bgmission factor (Ib/ton meat) (Table 3.2-6).&nd
divided emission values by 2000 by 365 for d#ly/ton unit

B poe

ECC = (N*(FraCn/lOO))* Dtn * Sunhll * Meat(ype * EFmeat 1yp€/2000

Where:

Ecc = Commercial Cooking Emissions in pound (Ibs) per tons (i.e. Activity data times
EFmeat typefor county per restaurant food type and equipment type SCC.

N = Total number of food restaurants in county (see CBP report 2004).

Fracn = Fraction @ restaurant type for that type of cooking equipment.

B poe = Number of food restaurants for SCC with restaurants type of equipment

Dtn = Total number of restaurants type of equipment at food restaurant

Sumay = Total number of summed of piecesamioking equipment across restaurant type

Meatype = Total pounds per week of meat type cooked on restaurants equipment in county.

EFmeattype = Meat type enission factor (Ib/ton meat).
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Example 2011 Commercial Cooking Emission Calculation for Baltimore Cokraiyzood
Restaurant Type, SCC 2302002100, CHaiiven Charbroiler Conveyorzell

Note: Emissions are calculated for only a particular county, restaurant, égogpment, and food type. In order to
determine emission for a particular county, all emission for meat types must be summed at the equipment level

and multiply by the appropriate meat type emission factor.

Step i.
EsBC,cdc,
FFood,PM = 500 * (48/100)} 240.00

Step .
E 3BC,cdc,
FFood,PM

240.00%(18.6/10D =44.64

Step iii.
E3 BC,cdc,
Fast food, PM

44.64 *1.07 =47.7648

Step iv.
Sumy,

3
Elecede = 47,7648

Fast food, PM

Step v.

E3 BC,cdc,
Fastfood, PM = 47.76 * 240.00 = 11,262.40

Step vi.
E3Bc.cde, =(11,462.40 *3.891)/2000

Fast food, PM — 22.30

ESBC,cdc,
Fast Food, PM1®RI = 22.30tons per year
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4.1.7 Fugitive Sources

Other area sources include forest fires, slash and prescribed burning, agricultural burning,
structure firesprchard heaters, leaking underground storage tanks and natural organic sources.
Although often intermittent in nature, many of these sources can produce large quantities of air
pollutant emissions.

4.1.7.1 Residential Construction Activity
SCC: 2311010000

Description

This source category covers fugitive dust emissions from residential construction activities.

Pollutants
PMio, PMz s and HAPs

Method and
Data Sources

Activity

For residential construction, housing permit data for sifeglaly units, twefamily units,
and apartments were obtained at the county level from the U.S. Department of
Commerceds (DOC) Bureau of the Census.

Estimated the number of buildings in eactegaty, and then estimated the total acres
disturbed by construction by applying conversion factors to the housing start data for each
category as follows:

A S ifamijyl Y acre/building
A Tfamdly M acre/buil ding
A Ap ar tweera/building

Housing construction PM10 emissions are calculated using an emission factor of 0.032
tons PM10/acre/month, the number of housing units created aaHaitses conversion
factor, and the duration of construction activity. The duration n§iraction activity for
houses is assumed to be 6 months.

Apartment construction emissions are calculated separately using an emissioof factor
0.11 tons PM10/acre/month; wigh1l2 monthsperiodassumed for apartment construction.

For areas in which baments are constructed to estimate the cubic yards of dirt moved per
house, an average value of 2000 square feet is assumed for both single family-and two
family homes. Multiplying the average total square feet by an average basement depth of 8
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feet and ading in 10 percent of the cubic feet calculated for peripheral dirt removed
produces an estimate of the cubic yards of earth moved during residential construction. The
percentage of onfamily houses with basements was obtained from the DOC. The
percentagef houses per Census region (Northeast, Midwest, South, and West) that

contain full or partial basements is applied to the housing start estimates for each of these
respective regions. The best available control measures (BACM) Level 2 equation
(emissionfactor of 0.011 tons PM10/acre/month plus 0.059 tons PM10/1000 cubic yards

of on-site cut/fill) is applied once the number of acres disturbed due to the estimated
number of houses built with basements is determined.

Emission Factors

Single-family Two-family Multi -family
Construction Construction Construction
ton PMwo/acre/month ton PMw/acre/month ton PMio/acre/month

PM 10
Emission 0.032 0.032 0.11
Factor
Dur_afuon of 6 months 6 months 12 months
Activity

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for thigirce.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.
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Emissions
Calculation

Erci = Erci sk + Erci2ram + Erci MF

Where:
Erci = Emissions of pollutant i in tons pgear from residential construction activity

Erc-sFH Emissions of pollutant i in tons per year from residential sifeyialy
home construction activity

Emissions of pollutant i in tons per year from residentiatHawaily home
construction activity

Ercimr = Emissions of pollutant i in tons per year from residential riaitily

construction activity

ERrci 2Fam

and:
Erci sFH = Erci sFrH,weMm + ERci SFH, wio BM
Where:
Ercisr,wem = Emissions of pollutant i in torger year from residential singfamily
home construction activity of homes with basements
ErcisFH,wosm = Emissions of pollutant i in tons per year from residential sifeylaly
home construction activity of homes without basements
ERci SFH, wb BM = HSsrH X (1- HSspr,w M) X (AD rci skH) X (PDrci sFH) X EFRei sk
2000
Where:

Emissions of pollutant i in tons per year from residential sifayialy
home construction activity

ERrci SFH, wio BM

HS srH = Residentiakinglefamily housing starts

HSsrH,wem = Percent of residential singfamily housing starts with basements
ADrc-s;,H = Acres disturbed per housing type (residential sifigmheily)
PDrc-srH = Average project duration in months

EFrcisrni = Emissions factor in tons PM10/acre/month for pollutant i

Erci = .. . . ) ..
RCT SFH, w BM Emissions from residential construction + Emissions from basement excay
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[HSsriX HSsrHwBM X (AD rei sFH) X (PDrci sFH) X EFRrci srH +

ERrci sFH, wBM = [HSsrH X HSsrHwBMX AHS rei srH X ABD rei seHX PDERci seH X EF acresbisturt]

2000

Where:
ERrci sFH, wBM

Emissions of pollutant i in tons per year from residesiiad)lefamily
home construction activity

HS srH = Residential singkdamily housing starts
HSsrv,wem = Percent of residential singfamily housing starts with basements
ADRrc-s;rH = Acres disturbed per housing type (residential sfgheily)
PDrc-srH = Average project duration in months
EFrci srHi = Emissions factor in tons PM10/acre/month for pollutant i
AHSRrc-s;,H = Average residential singtiamily house size
(nationaldefault = 2000 fi)
ABD rc-srH =  Average basement depth for residential sikighaily homes
(national default = 8 ft)
PDErcisrn = Peripheral dirt excavated for residential sinfgimily homes

(national default = 10 percent)

EF acresbisturv= Emissions factor for thecees disturbed during basement excavation
activities during residential singfamily home construction in tons
PM1¢/1000 cubic yards
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4.1.7.2 Heavy Construction Activity
SCC: 2311020000

Description

Emissions produced from tlwenstruction of nonresidential buildings are estimated using the
value of construction put in place. The national value of construction put in place is obtained
from the Bureau of the Cendas The national value of construction put in placalliscated to

the state level using nenesidential building construction employment data within NAIC Code
2362 obtained from 2010 County Business Pattériitie state value of construction put in

place is allocated to the county level using-nesidentidbuilding construction employment

data within NAIC Code 2362 obtained from the 2010 County Business Patterns for the State of
Maryland.

Pollutants
PMlo and PM,s

Method and
Data Sources

Activity

ARA used data from the U.S. Census Bureau on thenadtvalue of construction put in
place Not Seasonally Adjusted. The national value of construction put in place is
allocated to the state level and then to the county level usingesatential building
construction employment data within NAIC 2362aihed from 2010 County Business
Patterns.

A conversion factor of 1.301 acresfillars ($) is applied to the construction valuation
data. This conversion factor is developed by adjusting the1999 value of 2 a&&s/$10
1999- 2010 constant dollars ugj The Bureau of Labor Statistifsoducer Price Inde¥

for Construction. The duration of construction activity for nonresidential construction is
estimated to be 11 months.

Employee numbers were taken fr@ounty Business Patterns 201aryland NAIC
2362, Nonresidential Building Construction (see Appendices). Some county employment
data is represented by a letter code indicating a range for the number of employees for that

2 Bureau of Census, Annual Value of ConstimctPut in Place Not Seasonally Adjusted in the United States:

2010; http://www.census.gov/const/C30/priv2008.pdf

7 U.S. Census Bureau, County Business Patterns, NAIC Code 12862ty Nonresidential Building Construction
2010http://censtats.census.gov/dmin/cbpnaic/cbpsect.pl

74U.S. Census Bureau, County Business Patterns, 2@&b@/quickfacts.census.gov/qfd/states/24000.h8alect

county then ABrowse more data s et dfiefot2008irRepeat fiorreacy Busi ne:
county.
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SIC. In this case the arithmetic average number of employees per lett@ecadenty
was adjusted so that the state total employment in a NAIC matched the sum of the number
of employees reported per county.

Emission Factors

PM 10 PM2s
(tons/acre/month) (tons/acre/month)
Emissions 0.11 20% of PM1o
Duration ofProject 11 months

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are available for this source category.

Spatial and
Temporal
Allocations

Spatial
Data for spatiahllocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Emissions
Calculation

Value of Construction Worl
in the U.S-HC;

Number of Employees
within NAIC 2362in the 766,961
U.S.- EMPus

$261,776,000,000
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Number of Employees

within NAIC 2362in 13936

Maryland

Ehci = HC; x (EMPj / EMPus ) X Clrc X AEF e i X DCHc
Where:
Encii = Emissions of pollutant i itons per year from heavy construction
HC, = Value ofHeavy construction in US j in 2010
EMPus = Employment NAICS 2362JS in 2010
EMP; = Employment NAICS 236Zounty j in 2010
CFuc = Conversion factor (acres/million dollarf®r heavyconstruction (1.262)
AEFHci = Adjusted Emissions factor in tons per acre per month for pollutant i
DChc = Duration of construction activity (11 months)

2011 Sample Calculation Heavy Construction (Anne Arundel County)

Number of Employees within NAIC

2362in Anne Arundel County 904

PE = precipitationevaporation value for each State,

S =% dry silt content in soil for area being inventoried
AEFHei Initial EF e 1 X (24/PE) X (S/9%)
AEFHe! 0.19(PMuo) X (24/114.1) X (33/9%)
AEFri 0771253287
Brci = LG x (EMPj/ EMPus ) x CRc X EFtc i X DCic
Brei = 61,776,000,000 X (904/ 766,961) x1.264x 0.19(PM1g)x 11
Enci =

628.614 tons/year P
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4.1.7.3 Road Construction Activity
SCC: 2311030 000

Description

This source category covers fugitive dust emissions from road construction activity. PM
emissions produced by road construction are estimated using an emission factor for heavy
construction andhie State capital outlay for new road construction.

Pollutants
PMioand PMs

Method and
Data Sources

Activity

To estimate the acres disturbed by road construction, the Federal Highway Administration
(FHWA) hasHighway Statistics, Section NHighway Finance, Table SE2A, State

Highway Agency Capital Outlayor 2011 which outlines spending by state in several
different categories. For this SCC, the following columns are used: New Construction,
Relocation, Added Capacity, Major Widening, and Minor Widening. These columns are
also differentiate@dccording tole following six classifications:

A lnterstate, urban
A Ilnterstate, rural
A Other arterial, urban
A Other arterial, rural
A Collectors, urban
A Collectors rur al

Dollar expenditures are converted to miles constructed using data obtained fidantthe
Carolina Department of Transportation (NCDOT) in 2000. A conversion of $4 million/mile

is applied to the interstate expenditures. For expenditures on other arterial and collectors, a
conversion factor of $1.9 million/mile is applied, which corregizoio all other projects.

Miles are converted to acres for each of the 6 road type areas using the following estimate
of acres disturbed per mile:
A Ilnterstates: Urban, -BR2AadsDistabedmidr ban
A Rur al , Otlh7eAcresMisturleed/mile | s
A Ur ban, -9Bdtrds Bisturbed/nsile
A Rur al ,-78 Adeb Ristutbedfnmsle
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Emission Factors

A PMyo emission factor of 0.42 tons/acre/month is used to account for the large amount of
dirt moved during theanstruction of roadways. The duration of construction activity for
road construction is estimated to be 12 months.

PMas emissions are estimated by applying a particle size multiplier of 0.10 {9 PM
emissions.

Soil Moisture Level

To account for the soil moisture level, base emissions were multiplied by 24 divided by the
precipitationevaporation (PE) value. Precipitati&@vaporation (PE) values were obtained
from Thornthwaitebds PE Index. Average PE
PE values for specific climatic divisions within a State. These values range from 7 to 41.

Silt Content

To account for the silt gdent, base emissions were multiplied by percent dry silt content
in soil divided by 9 percent. A data base containing colewyl dry silt values were

applied to PMo emissions for each countfyhese values were derived by applying a
correction factor eveloped by the California Air Resources Board to convert wet silt
values to dry silt values.

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

For construction emissions, a control efficien€p0 percent is used for both Rénd PM s
for PM nonattainment areas.

Spatial and
Temporal
Allocations

Spatial
Statelevel estimates of acres disturbed are distributed to counties according to the
housing starts per county, estimated forrésgdential construction category.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.
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Emissions

Calculation

Erc,i = Exp Xx MG x ADi X EFrcix DUR

2000

Where
Ercii = Emissions of pollutant i in tons per year from road construction
Exprci = Expenditures per road type i
MCrci = Miles corstructed per road type i
AD = Acres disturbed per road type i
EFrci = Emissions factor (tons per acre per month for pollujan
DUR = Duration of project (months)

This calculation would have to be made for each road classification in a county and thesdsum
to get total for that pollutant for that county.
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4.1.7.4 Agricultural Land Preparation
SCC: 28 01 000 003

Description

The land preparation source category includes estimates of the airborne soil particulate emissions
produced during the preparation of agricultural lands for planting and after harvest activities.
Operations included in this mettiology are dicing, tilling, leveling, chiseling, plowing, and

other mechanical operations used to prepare the soil. Dust emissions are produced by the
mechanical disturbance of the soil by the implement used and the tractor pulling it. Soll
preparation aeities tend to be performed in the early spring and fall months.

Particulate emissions from land preparation operations are computed by multiplying an emission
factor (EF) by an activity factor. The agricultural tilling emission factor provided intthe 4
edition of -42doBumenEifusdd $o estirRate soil preparation emissions. The
activity factor is based on the number of acres of each crop in production for each county in the
State. Because different crops need different operations to @tégasoil, each crop also has its

own acrepass value. Acrpasses are the number of passes, per acre, that are typically needed to
prepare a field for planting a particular crop. By combining the crop acreage, crop specific acre
pass data, and the agticual tilling emission factor, we estimate the particulate matter produced
by agricultural land preparation operations.

Agricultural soil preparation particulate dust emissions are estirfatedch cropn each
county in Marylandiusing the following equation:

Emissionscrop= Emission Factor x AcrekorX Acre-passes/acreror

The crop emissions for each county are summed to produce the county and stzdeveidate
matter (PM) and PM emission estimates.

Pollutants

PMioand PM s

Method and

Data Sources
Activity
The acreages used for estimating soil preparation emissions were collected from the
Maryland Cooperative Extension Service and the MarylandcAljural Statistics Service.

A summary of crop acreage harvested in 2010 thru 2011 from individual county
agricultural commissioner reports was used to calculate emissions.
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In computing land preparation PM emissions, quasses are the number of passes

typically performed to prepare a crop for planting. These operations may occur following
harvestwor closer to planting, and can include dicing, tilling, land leveling, and other
operations. Each crop is different in the type of soil operations perforndesthan they

occur. MDE used acypass estimates compiled by the California Air Resources Board
(CARB). For the crops that were not explicitly updated, we either applied an updated crop
profile from a similar crop, or used one of the existing CARB profiles

Emission Factors

The emission factor used to estimate the dust emissions from agricultural land preparations
is from U.43. Thi€Edmksos factoPwas developed in 1981 based on test data
measured in California and Kansas by Midwest Research Institute. Because of a lack of
more detailed estimates, this single emission factor is used for all land preparation
operations, all lod&ons, and all seasons. The form of the emission factor is:

Emission Factor (Ibs PM/acpass) = k (4.8) (8F

Where:
k = particle size fraction of interest (EPA default = 0.042 for.Bbt 0.21 for PMo)
s = average percent soil silt content (EPA défa 18%)

For PM the value of O0ko6 used in California
33% of the total particulate entrained to the air during agricultural operations is 30 microns

or less. Of this, analysis of California soil samplesdaatds that about 45% of the 30

micron or less sized particles are 10 microns or less in aerodynamic size (i.e., PM ). So, the
California PM particle size multiplier is 0.148 (i.e., 0.33 x 0.45 = 0.148). Maryland

decided to use the EPA default values tistbove for the particle size fraction. For the

percent soil silt value, the EPA default value of 18% soil silt is used for most counties.

PM2s PM 10
(Lbs. PMb.s /acrepass) (Lbs. PMo/acrepass)
Emission Factor| 1.141968254 5.709841268

The EPA emission factor does not include an association between soil moisture and
emissions. Because it is known that dust emissions are reduced when soil moisture is
higher, California ARB staff has incorporated an emission correction during the wettest
monhs of the year. The correction was based on some limited agricultural dust source test
data, as well as the control factor used for watering at construction sites and their best
judgment During December and March, California ARB reduced the emissiorr fagto

1 U.S. Environmental Protection Agency. Compilation of Air Pollutant Emission Factoré2ABection 11.2.2,
Fourth Edition. September 1985.
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25% from the standard uncorrected value. In January and February, often the wettest
months, the emission factor is reduced by 50%. This produces a seasonal emissions profile
that i s more consistent with Calbsoibdtterr ni aods
reflects that soil preparation operations typically do not occur while the soil is excessively
wet or muddy.

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.

Adjustments
for Controls

No controls are avkble for this source category.

Spatial and
Temporal
Allocations

Spatial
Crop acreages are collected on a county basis.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

In collecting updated acigass data, California also collected detailed information on

when agricultural operations occur. Using these data, it was possible to create detailed
temporal profiles that help to indicate when PM emissions from land preparatanbe

highest. The more detailed background document includes detailed crop calendars for each
crop with updated information. For all of the apass and crop calendar information, the
farmers and other agricultural experts of the San Joaquin Valleyimstrumental in

helping us to update our crop information.

Emissions
Calculation
Eari = EFariX AI1XAP|
2000
Where:
EaLp = Annual PMemissionsof pollutant i in tons per day from agricultural land
preparations.
EFari = Emissions factor in pounds per agass for pollutant i
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Acres ofcrop | harvested in county jin 2011
Acre-passes per acres for crop i

AP;

2011 Sample Calculatn Agricultural Land Preparation (Alleghany County):

EFALP pM2.5K [(Awheatx APwheat) + (A:orn—grx APcorn-gr) + (Alayx APhay) + (Aoyx APsoy) + (Aoarleyx APbarIey)

Eappmes =
2000
Eappmz2s = (1.141968254 x [(0 x 1) + (500 x 4) + (7,500 x 1) + (0 x 6) + (0 x 1)) / 2000
Earpves = (1.141968254 x 9,500)/2000
Earpv2s = 5.42 tons per year of PM2.5
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4.1.7.5 Paved Roads
SCC: 22 94 000 000

Description

This source category covers fugitive dust emissions from activity on paved roads.
NOTEONLY A GENERAL OUTLINE OF HOW THIS SOURCE WAS CALCULAED WILL BE GIVEN DUE TO THE LARGE
NUMBER OF CALCULATIONS NEEDED TO SHOW A SAMPLE CALCULATION FOR ANY ONE COUNTY.

Pollutants
PMioand PM s

Method and
Data Sources

Activity

The basis for the activity data for fugitive dust emissions from paved roads is the state
level vehicle miles traveled per paved road type and thelstagkvehicle miles traveled
per unpaved &d per road type.

Emission Factors

To calculate emissions for Paved Roads we used the The Predictive Emission Factor Equation
13.2.1.3 fromAP-42, Fifth Edition, Vol. | Chapter 13: Miscellaneous Sources and the
particle size multipliers, k from Tabl3.2.21.

Several factors used for Paved Road emissions calculations came from 2008 Emission
Inventory Data & Documentatidmitp://www.epa.gov/ttn/chief/net/2008inventory.htmi
Nonpoint section for Paved Roads. Such as, Silt Loading factors for Maryland from Table
2, factors below:

sL

Roadway Class (g/m?)

Rural Interstate 0.015
Rural Other Principal Arterial 0.03
Rural Minor Arterial 0.06
Rural Major Collector 0.2
Rural Minor Collector 0.2
Rural Local 0.6
Urban Interstate 0.015
Urban Other Freeways and Expressway  0.015
Urban Other Principal Arterial 0.03
Urban Minor Arterial 0.03
Urban Collector 0.06
Urban Local 0.2

The old calculation equation is
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EFcr = k (sL/2) " x (WI3) “x (S/30) " (CF)
The new calculation equation is
EFpav = [(K) X (SL)*%1x (W)19] x (1-P/4N)

EFcr = A calculated emission factor for a given road type in a month h&ng
precipitation

EFrav= A calculated emission factor for a given road type in a month

K = particle size multiplier; particle size range and units used \&t5 (Ib/VMT) for PM10, ad

0.0037 (Ib/VMT) for PM2.5 fronTable 13.2.11. PARTICLE SIZE MULTIPLIERS FOR PAVED
ROAD EQUATION

SL = road surface silt loading (grams per square meter)ZX,g/m

W = average weight (tons) of the vehicles traveling the road (Margstimiates the average wt. to be
6,360 pounds or 3.18 tons)

P =number of "wet" days with at least 0.254 mm (0.01 in) of precipitation during the
averaging period

N = number of days in the averaging period (e.g., 365 for annual, 91 for seasonal, 30
for morthly

S = average speed (mph) of the vehicles traveling the road.
CF = Correction factor for monthly rain/precipitation

2008 average wit2011 bold monthly rain/precipitation

No. ofPDays No. of Days No. of Days of Da),/\ls in CF raN

of Rain >0.01 of Snow > Rain & Snow > Averaging
MONTH inches 1.0 inches 0.01 inches Period
Jan 7 0 31 0.9274
Feb 9 1 28 0.9196
Mar 12 0 11 31 0.9113
Apr 20 0 12 30 0.9000
May 14 0 31 0.9274
Jun 12 0 30 0.9250
Jul 9 0 11 31 0.9113
Aug 15 0 31 0.9677
Sep 15 0 9 30 0.9250
Oct 14 0 31 0.9677
Nov 10 0 7 30 0.9417
Dec 9 1 14 31 0.8871

(Maryland estimates the average speed (S) to be:
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Road Type | Speed (mph)

Rural Interstate 65.5
Rural Other Principal Arterial 51.7
Rural Minor Arterial 46.2
Rural Major Collector 41.7
Rural Minor Collector 40
Rural Local 30.9
Urban Interstate 58.1
Urban Other Freeways and

Expressways 55.5
Urban Other Principal Arterial 28.7
Urban Minor Arterial 27.8
Urban Collector 24.6
Urban Local 21.1

A temporal VMT fraction factor was supplied by which was used to breakdown yearly VMT into
seasonal and then monthly VMT (millions of miles by road type).
LookUp | RUR_URH SEASON| VMTFRA(
RURALWINTER RURAL  WINTER 0.2199
RURALSPRING RURAL  SPRING 0.2403
RURALSUMMER RURAL SUMMER 0.2845
RURALFALL RURAL FALL 0.2553
URBANWINTER URBAN  WINTER 0.236
URBANSPRING URBAN  SPRING 0.2547
URBANSUMMER URBAN  SUMMER 0.264
URBANFALL URBAN  FALL 0.2453

A Transport factorTF) also of 1, was used &stimation. The transport factor relates to the
Modelers, and it is the fraction of Paved Road Dust PM that is transported more than a few
yards. An emission factor was created for each month, for each road type, and each county,
almost 14,000 emissioadtors.

Spatial and
Temporal
Allocations

Spatial
Data for spatial allocation is not available for this source.

Temporal
A SAF was applied to emissions and were averaged according to period of operation to a
daily estimate.

Annual Rural Traffic VMT millions of miles)
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Rural Rural Rural Rural Rural Rural
Rural
FUNCTIONAL State County e prncipal  Minor  Maor  Minor  Rua  TOTAL
CLASS FIPs State Arterial Arterial Collector  Collector Local RURAL
ALLEGANY 24001 179 30 51 28 50 43
ANNE ARUNDEL 24003 324 79 174 58 32 94
BALTIMORE 24005 434 68 104 204 44 120
CALVERT 24009 0 331 19 48 38 59
CAROLINE 24011 0 101 111 73 53 42
CARROLL 24013 0 54 247 127 62 63
CECIL 24015 455 52 220 57 53 116
CHARLES 24017 0 288 82 108 55 71
DORCHESTER 24019 0 122 81 33 59 35
FREDERICK 24021 513 337 129 210 127 176
GARRETT 24023 179 70 68 70 91 57
HARFORD 24025 466 80 174 128 68 125
HOWARD 24027 269 83 87 100 28 80
KENT 24029 0 30 51 56 26 20
MONTGOMERY 24031 142 0 106 93 40 51
PRINCE GEORGE'S 24033 39 159 32 88 39 47
QUEEN ANNE'S 24035 0 540 79 90 56 105
ST. MARY'S 24037 0 153 175 96 63 63
SOMERSET 24039 0 99 36 29 31 24
TALBOT 24041 0 245 100 33 33 56
WASHINGTON 24043 512 24 134 122 96 117
WICOMICO 24045 0 231 19 51 50 44
WORCESTER 24047 0 227 37 58 33 48
BALTIMORE CITY 24510 0 0 0 1 1 0
GRAND TOTALS | 3512 3403 2316 1961 1228 1656
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Annual Urban Traffic VMT illions of miles)

Urban Urban Urban Urban Urban Urban
Urban
Freeways Urban

FUNCTIONAL State County LIJr::)e?r-] Exp?ess- Pr(i)r:r;ier:al LI\J/Irlaéci)rr] Urban Urban TOTAL

CLASS FIPs state ways Arterial Arterial Collector Local URBAN

ALLEGANY 24001 162 0 168 65 28 33 456
ANNE ARUNDEL 24003 907 1532 903 762 453 351 4908
BALTIMORE 24005 3449 470 1140 1173 477 517 7226
CALVERT 24009 0 31 114 34 49 18 246
CAROLINE 24011 0 0 0 0 0 0 0
CARROLL 24013 39 0 479 77 67 51 713
CECIL 24015 127 13 171 37 26 29 403
CHARLES 24017 0 0 378 141 75 46 640
DORCHESTER 24019 0 0 38 11 9 4 62
FREDERICK 24021 549 306 167 163 177 105 1467
GARRETT 24023 0 0 1 0 0 0 1
HARFORD 24025 283 135 434 252 131 95 1330
HOWARD 24027 1084 1069 224 448 260 238 3323
KENT 24029 0 0 12 6 2 2 22
MONTGOMERY 24031 2473 227 2134 1047 598 499 6978
PRINCE GEORGE'S 24033 2879 1502 1706 970 632 592 8281
QUEEN ANNE'S 24035 0 47 2 5 0 4 58
ST. MARY'S 24037 0 8 194 33 33 21 289
SOMERSET 24039 0 46 0 7 8 5 66
TALBOT 24041 0 0 110 10 11 10 141
WASHINGTON 24043 457 0 216 153 62 69 957
WICOMICO 24045 0 184 155 109 88 41 577
WORCESTER 24047 0 26 204 36 18 22 306
BALTIMORE CITY 24510 1044 138 1164 690 237 252 3525
GRAND TOTALS 13453 5734 10114 6229 3441 3004 41975

VMT should be converted into monthly totals by county by road typ:
using seasonal fraction factors.

Ert = EFcex VMTx TF
Where:

Ert = is the emissions for a particular road type
VMT = the vehicle miles traveled in millions of miles on a
particular road type
TF=1
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4.1.7.6 Unpaved Roads
SCC: 22 96 000 000

Description

This source category covers fugitive dust emissions from activity on unpaved roads.

Pollutants
PM1o-PRI, PM-FIL, PM2s-PRI, PMbs-FIL

Method and
Data Sources

Activity

The basis for the activity data for fugitive dust emissions from unpaved roads is the
county-level miles of unpaved roads. The unpaved road mileage is converted to- county
level vehicle miles traveled per unpaved road type by the following equation:

ADTV () * MILESunpavED (%, i) * DAYSYR

VMT uNPAVED (%, i) =

1,000,000
Where:
VMT uNPAVED (x, iy. Annual vehicle miles traveled for county x and road type i (in
millions)
ADTV (j: Average Daily Traffic Volume for road type i
MILESunpaveD (x, iy Miles of unpaved roads in county x and road type i
DAYSyr: Days per year (365) convensi of daily traffic to annual traffic

Maryland received unpaved road mileage by county from the Maryland State Highway
Administration. The unpaved road mileage data was divided into two functional classes,
(Rural Local and Urban Local). The Rural Loeald Urban Local roads were further
divided intoRural Unpaved and Urban Unpaved raadite VMT for Unpaved and
Unimproved urban and local roads was calculated and then summed by county.

Mileage on urban and rural local roads was broken down into twpgaftaverage daily

travel volume (ADTV) in the 1996 Highway Statistics publication (the last year that data
was published). These groups are shown in Table 3.2.7.6.a. Maryland used a reasonable
assumption that no more than 50 vehicles travel its unhémwaal local unpaved roads

daily. The assumed ADTYV is 5 for both urban and rural groups (<50 Rural Local volume

group).
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Table 3.8.1.6.a Assumed Values for Average Daily Traffic Volume by Volume Group

Rural Roads
Volume Category (vehicles per day per mile) <50 50-199 200499 > 500
Assumed ADTV 5* 125** 350** 550%***
Urban Roads
Volume Category (vehicles per day per mile) <200 200499 500-1999 > 2000
Assumed ADTV 20* 350** 1250** 2200***
Notes: ) 0/ $ Aw BaAazAes 3waZEnMn 29Pwe e waArs3s sSruvnAwrA+

))) 00/ 3$ Aw BpzXEes

SvAEnMn swrweXfge

Table 3.8.1.6.b Daily VMT by County and Road Class

County Name 2011 Daily VMT Rural rt210 [ 2011 Daily VMT Urban rt330

ALLEGANY 0.2076 0.5947
ANNE ARUNDEL 0.0032 0.0529
BALTIMORE 0.0024 0.0368
CALVERT 0.1063 0.1260
CAROLINE 0.4473 0.0000
CARROLL 0.1949 0.2587
CECIL 0.0467 0.0424
CHARLES 0.0215 0.0422
DORCHESTER 0.1420 0.0983
FREDERICK 0.1695 0.4235
GARRETT 0.1852 0.0000
HARFORD 0.0896 0.3122
HOWARD 0.0023 0.0162
KENT 0.0031 0.0011
MONTGOMERY 0.0076 0.2619
PRINCE GEORGE'S 0.0041 0.1557
QUEEN ANNE'S 0.0553 0.0365
ST. MARY'S 0.0246 0.0150
SOMERSET 0.0456 0.0427
TALBOT 0.0086 0.0051
WASHINGTON 0.0544 0.1170
WICOMICO 0.0762 0.1659
WORCESTER 0.0437 0.0759
BALTIMORE CITY 0.0000 0.0542
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Unpaved road VMT was calculated first 8tate and roadway class using temporally allocated
NAPAP Inventory factors (seasonal temporal allocations factors or VMT fractigMTFRAC

val ues) . These factors are provided in the
t emp f act orasonakVIM$ foactions Weneghersnaultiplied by the ratio of the number

of days in a month to the number of days in a season to adjust to monthly VMTFRAC. The
emission factors were then applied to estimate emissions by month.

Below is Table3.8.1.6.cand d

Seasonal VMT Fractional Values by Road Class

Rural rt210 EPA Urban rt330 EPA
SEASON VMTFRAC SEASON VMTFRAC
WINTER 0.2199 WINTER 0.2360
SPRING 0.2403 SPRING 0.2547
SUMMER 0.2845 SUMMER 0.2640
FALL 0.2553 FALL 0.2453

EmissionFactors:
Re-entrained road dust emissions for unpaved roads were estimated using unpaved road
VMT and the emission factor equation from-4R 6:

o g(* (%2) . (SP%O)bg-
Moo

where k, a, b, and ¢ are empirical constants given in Table 1 and

C

EF = size specific emission factor (Ib/VMT)

s = surface material silt content (%)

SPD= mean vehicle speed (mph)

M = surface material moisture content (%)

C = emission factor for 198)Vehicle fleet exhaust, brake wear, and tire wear (Ib/VMT)

Table 3.8.1.6.e Constants for Unpaved Roads Re-entrained Dust Emission Factor Equation

Constant PM2s PMio

K (Ib/VMT) 0.18 1.8
a 1 1
b 0.5 0.5
c 0.2 0.2

6 United States Environmental Protection Agency, Office of AirQueityanni ng and Standards.

Air Pollutant Emission Factors, A®2, Fifth Edition, Volume |: Stationary Point and Area Sources, Section 13.2.2
Unpaved Roads. 0 Research Triangle Park, NC. 2003.
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C 0.00036 0.00047
Source: AP-42

Average Statéevel unpaved silt content values, developed as part of the 1985 National
Acid Precipitation Assessment Program (NAPAP) Inventory, were obtained from the
lllinois State WateSurvey’. Silt contents of over 200 unpaved roads from over 30 States
were obtained. Average silt contents of unpaved roads were calculated for each State that
had three or more samples for that State. For States that did not have three or more
samples, the avage for all samples from all States was used. Samples and defaak

were provided by state.ilScontent (%) from(AP-42 Table 13.2.2) of 3.9was used for

the Unpaved/Unimproved roads.

Table 3.8.1.6.f State-Level Unpaved Road Surface Material Silt Content Values used in MANE-VU
Fugitive Dust Calculations

Unpaved Road

State Surface Material Silt Data Source
Content (%)

Connecticut 3.9 DEFAULT
Delaware 0 No Unpaved Roads
DC 0 No Unpaved Roads
Maine 3.9 DEFAULT
Maryland 3.9 DEFAULT
Massachusetts 3.9 DEFAULT
New Hampshire 3.9 DEFAULT
New Jersey 3.9 DEFAULT
New York 4.7 SAMPLES
Pennsylvania 3.3 SAMPLES
Rhode Island 3.9 DEFAULT
Vermont 3.9 DEFAULT

Table 3.8.1.6.9g lists the speeds modeled on the unpaved roads by rogakvayhese

speeds were determined based on national average speeds modeled for onroad emission
calculations and weighted to determine a single average speed for each of the roadway
types. The value of 0.5 percent for M was chosen as the national defaufficient

resources were not available to determine more losglgific values for this variable.

7 G. Stensland, lllinois State Water Survey,soeral communication with W. Barnard of EPFECHAN&
Associates, Inc., Durham, NC. 1989.
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Table 3.8.1.6.g Speeds Modeled by Roadway Type on Unpaved Roads

Unpaved Roadway Type Speed (mph)
Rural Minor Arterial 39
Rural Major Collector 34
Rural Minor Collector 30
Rural Local 30
Urban Other Principal Arterial 20
Urban Minor Arterial 20
Urban Collector 20
Urban Local 20

The emission factor for paved roads is calculated from the empMrzdR formula and

then is adjusted for precipitation. Correction factors were applied to the emission factors to
account for the number of days with a sufficient amount of precipitation to prevent road
dust resuspension. Monthtprrected emission factoby State and roadway classification
were calculated using the following equation:

(D -
EFcors = EF* g(—D p)g

Where:

EFcorr = unpaved road dust emission factor corrected for precipitation effects
EF = uncorrected emission factor

D = number of days in th@onth

p = number of days in the month with at least 0.01 inches of precipitation

The number of days in each county with at least 0.01 inches of precipitation in each month
was obtained from the National Climatic D&antef®, For counties witmore than one

"8 U.S. Department of Commerce, National Oceanic and Atmospheric Administration. Summary of the Day
Element TD3200, 2002 data provided on CD. National Climatic Ozgater. 2003.
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precipitation collection station with valid data from the NCDC data set, an average number
of precipitation days were calculated for each month from all valid stations in the county.
Counties with no precipitation collection station or nbdvéata were assigned the data
from an adjacent county. The 2011 monthly precipitation data for MXNEounties
wereupdated ad areshown in Table 4. This method of assigning monthly precipitation
days by county improves on the NEI approach of assigmonthly precipitation data by
State. These are the same precipitation data used to calculate paved road emissions for the
MANE-VU States.

Table 3.8.1.6.h 2011 Number of Days with at Least 0.01 Inches of Precipitation

State County JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
MD ALLEGANY 7 9 12 20 14 12 9 15 15 14 10 9
MD ANNE ARUNDEL 9 9 12 14 12 10 8 16 16 11 9 7
MD BALTIMORE 4 5 7 8 8 3 3 2 13 10 8 6
MD CALVERT 9 4 14 12 11 12 9 10 12 9 1 9
MD CAROLINE 11 10 11 12 11 11 8 14 12 15 11 6
MD CARROLL 12 9 11 16 15 10 7 17 22 14 8§ 11
MD CECIL 8 12 11 15 10 9 9 14 19 14 10 5
MD CHARLES 9 4 14 12 11 12 9 10 12 9 1 9
MD DORCHESTER 9 4 14 12 11 12 9 10 12 9 1 9
MD FREDERICK 10 9 12 16 16 10 6 14 22 11 9 7
MD GARRETT 20 16 18 20 17 12 11 13 14 18 11 15
MD HARFORD 8 12 11 15 10 9 9 14 19 14 10 5
MD HOWARD 7 6 14 14 10 2 7 8 10 11 8 8
MD KENT 11 8 9 15 8 8 7 16 13 11 7 6
MD MONTGOMERY 10 9 12 17 12 7 7 13 18 12 8§ 11
MD PRINCE GEORGE'S 9 10 12 15 13 8§ 6 11 14 16 9 9
MD QUEEN ANNE'S 11 10 11 12 11 11 8 14 12 15 11 6
MD ST. MARY'S 8 6 12 10 11 7 9 11 13 10 9 6
MD SOMERSET 10 7 12 10 7 8 9 12 12 9 12 9
MD TALBOT 9 7 117 12 11 11 9 14 12 13 9 10
MD WASHINGTON 11 10 14 15 16 5 10 16 16 12 8 7
MD WICOMICO 12 9 12 9 9 14 9 13 13 11 10 8
MD WORCESTER 10 7 12 10 7 8 9 12 12 9 12 9
MD BALTIMORE CITY 9 10 10 13 11 8 7 16 13 11 7 6

Point Source
Adjustments

No subtraction of emissions from point sources is necessary.
Adjustment for

Controls

No controls are available for thé®urce category.
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